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Preface 
I t i s a well known fact t h a t b a c t e r i a as well as 
higher organisms possess enzymatic systsn for the repa i r of 
rad ia t ion damage (Kimball, 1978; Walker, 1985). Presvimably, 
t h i s machinery was evolved to cope with t he offensive doses 
of rad ia t ions constantly f a l l i ng upon the pr imi t ive ear th . 
During the b i l l i o n years of ecological evolut ion, the s t r a t o -
sphere has been tremendously changed with t he formation of 
ozone layer under the c a t a l y t i c act ion of cosmic r ad ia t ions . 
Meanwhile the b io logica l evolution has a lso s t a r t e d at the 
expense of na tura l se lec t ion p res su res . Now i t r a i s e s a fun-
damental question as to why the rad ia t ion r e p a i r syst@D had 
not been eliminated in t he presence of ozone layer which p r e -
vents the offensive exposxire of r a d i a t i o n s . 
During the l a t e 1960s, severa l speculat ions were made 
about the possible ro le of r ad ia t ion r e p a i r systan under the 
present environmental condi t ions . At l e a s t two p o s s i b i l i t i e s 
are well documented: 
(1) Their ro le in normal metabolism e .g . genet ic recombination 
(Howard-Flanders and Ther io t , 1966). 
(2) They could also play an ac t ive ro l e in the repa i r of 
damages induced due to non phys io logica l environmental 
conditions (Bridges et a l . , 1969). 
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Ear l i e r work by Ahmad and coworkers (1978, 1980 and 
1987) ejcperimentally supported the second idea. Our spec ia l 
i n t e r e s t was on the damages induced by non physiological ionic 
s t rength due to the fact t h a t the f i r s t sign of l i f e has been 
supposed to have appeared in the ocean (Prosser , 1973). Even 
t h i s i s not unl ikely to think t h a t the »so ca l l ed ' r ad ia t ion 
r e p a i r systans might have evolved to p ro tec t the c e l l s against 
the offensive exposure of r ad ia t ions and, a l s o , to a l l e v i a t e 
t he hazardous effects of environmental f luc tua t ions such a s : 
1. Ionic s t rength- in view of higher s a l t concai t ra t ion in 
ocean and upper c rus t of ea r th . 
2 . pH- in view of reducing environment and heavy acid ra ins on 
the pr imi t ive ea r th . 
3 . Theraal - in view of h i ^ i frequency of volcanic enjqptions 
and due to o ther geophysical a l t e r a t i o n s . 
These physiological f luc tua t ions are s t i l l p e r s i s t i n g 
in the present environment while the hazardous doses of r ad i a -
t i o n s are the speculat ions of the pa s t . 
In order to study the probable ro le of these repa i r 
processes \jnder non physiological ionic s t rength , we selected 
severa l radia t ion sens i t ive mutants of E .co l i B and K-12 and 
bacteriophage lambda. Survival p a t t e r n s of the b a c t e r i a l 
s t r a i n s and A-E.col i complexes were determined under high and 
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low ionic strength coiuli t ions. Different combinations of Mg''"'' 
ion concentration with o r without 5% NaCl were, therefore , 
taken t o inves t iga te the damaging effect of non physiological 
ionic s t reng th . The ra t iona le of using the 3% NaCl was to 
confoxm with the na tu ra l non physiological conditions ex is t ing 
in the ocean as well as in the sa l ine s o i l s and l akes . The 
low and high Mg'*"'' ion concentration was selected because i t 
was used by several workers (Webb, 1970; So I t i s and Lehman, 
1984). 
In the f i r s t chapter of t h i s d i s s e r t a t i o n , the DNA 
r e p a i r systems and the di f ferent kinds of the les ions induced 
due to various damaging agents have been described to i n t r o -
duce t he subject . 
Second chapter includes general methodology, b a c t e r i a l 
and phage strainsjcomposition of buffers and media, e t c . 
employed during the covtrse of these s tud ies . 
Third chapter embodies the data on the sxirvival of 
fl.coli K-12 and E .co l i B s t r a i n s on exposure to various non 
phys io logica l ionic strength condi t ions . 
The fourth chapter incorporates the r e s u l t s of the 
s tud ies on the survival of bacteriophage lambda consequent 
upon the various ionic strength t rea tments . 
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The blochanlcal studies employing the radioisotopic 
tracer techniques as well as some in vitro work has been pre-
sented In the f i f th chapter. 
Sixth chapter deals with the general discussion to 
coordinate brief ly the entire data on Ionic strength Induced 
lesions and the i r repair. 
In the l a s t , summary and bibliography are documented. 
CHAPTER It REVIEW OF LITERATURE 
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Deoxyribonucleic acid i s a fimdamental molecule of 
l i f e , primarily responsible for the precise storage and trans-
mission of genetic information from one generation to another. 
The over a l l manifestation of genetic t r a i t s i s essent ia l ly 
related with i t s structural integrity. The genetic continuity 
i s thoxight to be the sole consequence of the inherent s tab i l i t y 
of DNA molecule (Hanawalt et a l . , 1979). I t i s also a known 
fact that primary structure of DNA i s dynamic and subjected to 
a constant change (Friedberg, 1983). I t has been challenged 
throu^out the long track of organic and bio logical evolution. 
Ionizing and UY radiations as well as multitude of other chemi-
cal agents upset t^e genetic- and metabolic machinery of the 
l iv ing system. That would perhaps, render our planet barren 
were i t not subjected to the constant ce l lu lar monitoring and 
repair. Moreover, the contemporary global environment also 
posed a continual threat to the hereditary material. The 
l iving systems have, therefore, evolved repair processes to 
maintain structural and functional f i d e l i t y of DNA against a 
large range of insu l t . These processes are essential enzymatic 
transactions of DNA (Friedberg, 1985). 
The work on DNA damage and cel l i i lar responses has 
xjndergone a massive expansion during the past three decades. 
Subsequently, t h i s f i e ld received a sxirge of interest mainly 
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due to the evident relevances of DNA repa i r with hiiman heal th 
and d i seases . A great deal of research has been directed 
towards gaining new Ins ights into the mechanistic regulat ion 
of r epa i r machinery in E . c o l i . The physiological s tudies on 
the recovery from IX^ A damage have es tabl ished the existence 
of MJA repa i r pathways. Moreover, the genetic s tudies have 
i d e n t i f i e d a large number of genes pa r t i c ipa t i ng in the repa i r 
of damaged DNA (Walker, 1985). 
The e a r l i e s t suggestion on tiie recovery of bac te r i a 
a f t e r exposure to UV l i g h t was made by HoUaender and Curt is 
(1935). Later , Kelner (1949) observed t h a t exposure of UV 
i r r a d i a t e d bac t e r i a to v i s i b l e l i gh t reversed the k i l l i n g and 
mutagenic effect of UV l i g h t . He coined the term pho toreac t l -
v a t l o n . Subsequently, H i l l (1958) made a s igni f icant con t r i -
bution in t h i s f i e l d by i s o l a t i n g an abnoxmally h l ^ radiat ion 
s e n s i t i v e mutant (B_ ^) ot Escherichia c o l l . E l l i son et a l . 
(i960) fur ther reported t h a t the UV i r r a d i a t e d bacteriophage 
T. did not grow on E .co l i B . while i t formed plaques on 
E .co l i B. This , probably, was the f i r s t indica t ion tha t repa i r 
processes are controlled a t genetic l e v e l . The foregoing 
developments paved \h.e way for a s y s t s a a t i c study of DNA repa i r 
mechanisms in prokaryotes as well as eiikaryotes which led to the 
discovery of addi t ional r epa i r pathways. The following repa i r 
systems have been fotmd to be ex is t ing in E .co l i : 
- 3 -
Photoreact ivat lon; The simplest c l ass of repa i r pathway 
i s photoreact ivat ion t h a t d i r e c t l y r e c t i f i e s the cyclobutane 
type pyrimidine dimers in UY i r r a d i a t e d DNA without the fonna-
t i o n of new phosphodiester bonds (Walker et a l , , 1985). This 
type of recovery process requi res the exposure of c e l l to 
v i s i b l e l i g h t . Kelner (1953) demonstrated t h a t inh ib i t ion of 
DNA synthesis by low doses of UV l i g h t could be reversed by 
' pho to reac t iva t ion ' . 
Rupert ( i960, 1961) r ^ o r t e d t h a t photoreact ivat ing 
capaci ty res ides In an enzyme, PRE (EC 4.1 .99.3) which forms 
a complex with UV irx*adiated DNA in the dark. This complex 
d i s soc ia t e s upon absorbing a quantum of l i ^ t in the v i s i b l e 
region ( 3 1 0 - ^ 0 nm). PR enzyme o r the photolyase monomerises 
the pyrimidine dimers formed by the adjacent pyrimidines 
s i t ua t ed on the same strand of UV i r r a d i a t e d DNA (Wulff and 
Rupert, 1962; S e t l o w e t a l . , 1965). Although PRE absorbs 
maximally a t 257 nm, but i t s complex with UV i r r ad ia t ed DNA 
shows an absorption sh i f t from 257 to 300 nm (Sutherland, 
1978). The enzyme photolyase has been iden t i f i ed as a f lavo-
pro te in of 37,000 dalton containing a small amount of carbo-
hydrate and BNA (Snapka and Sutherland, 1980; Senear e t a l . , 
1985). A cooperative ro le of t h i s enzyme has also been 
suggested in dark r epa i r since i t st imulated the removal of 
pyrimidine dimers by xavrABC endonuclease (Senear et a l . , 1984; 
Hays e t a l . , 1985). 
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Photo reac t iva t ion i s a vmiversal phenomenon because i t 
i s known to occxir in E . c o l i , yeast and possibly in higher 
animals and p l an t s (Schild e t a l . , 1984). However, in ce r ta in 
genetic disorders e .g . Xeroderma piflnentosumj,a decreased l eve l 
of PRE a c t i v i t y has been reported (D'Ambrosio e t a l . , 1981). 
Fur ther , t h i s enz3rine also seams to be species specif ic since 
Haemophilus and Pneumococcus a re incapable of exhibi t ing photo-
reac t iva t ion (Goodgal e t a l . , 1957). However, these organisms 
can do so a f t e r being supplemented with an ext rac t from photo-
reac t ivable E .co l i (Goodgal e t a l . , 1957). Although a l o t of 
s tudies have been done on the mechanistic aspects of photo r eac -
t i v a t i o n in various organisms but a great deal of uncertainty 
s t i l l ex i s t s on the genetic b a s i s oX photo reac t iva t ion in 
E . c o l i . Two l o c i , phrA and phrB have so f a r been postula ted to 
occur in the c e l l s capable of photo reac t iva t ion in view of the 
two types of photolyases in E . c o l i (Smith e t a l . , 1987). However, 
in vivo evidence for the a c t i v i t y of the former i s cont rovers ia l . 
exposure 
Photoreactivation after 254 nm/was studied in dark repair defi-
cient phrB mutant and in a strain deleted at the proposed phrA 
locus. Apparent photoenzymic repair was shown in phrB mutant 
which was abolished when the mutation was introduced into the 
proposed phrA locus. It is suggested that there is a gene in 
the region of proposed phrA locus iidiich affects photoenzymic 
repair (Smith et al., 1987). 
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Excision repa i r ; Ul t ra v io l e t rad ia t ion induced damages in 
c e l l u l a r DNA are also repaired in dark by excision repa i r 
system (Boyce and Howaixi-Flanders, 1964; Setlow and Car r ie r , 
1964; Smith e t a l . , 1978). This-type of DNA repa i r depends 
on the fac t t ha t the infomat ion in DNA i s present in the two 
copies of compl»ientary strands of DNA molecule. Excision 
r e p a i r appears to he a s ign i f ican t source of DNA repa i r v i r t u -
a l l y in a l l organisms (Walker e t a l . , 1985). The existence of 
t h i s pathway was f i r s t of a l l suggested in view of the UV 
s e n s i t i v i t y of uvr mutants of E .co l i (Boyce and Howard-
Flanders , 1964), The mutations in uvrA, uvrB and uvrC genes 
r a i d e r E .co l i unable to excise UV induced pyrimidine dimers 
from. DNA CSetlow and Carr ie r , 1964; Howard-Flanders e t a l . , 
1966). This r e p a i r system could have a t l e a s t four s teps v i z . 
i n c i s i o n , excis ion, gap f i l l i n g and backbone seal ing (Hanawalt 
e t a l . , 1979; Walker, 1985). The p laus ib le mechanism might be 
as follows; 
A specif ic endonuclease known as correndonuclease makes 
a nick next to the DNA lesion at 5' s i t e , Correndonuclease I 
ac t s on the monofunctional les ions whereas correndonuclease I I 
fijnctions on b i funct ional les ions such as pyrimidine dimers 
induced by UV l i g h t . In E .co l i ; excision r epa i r of UV induced 
pyrimidine dimers and various o the r bulky les ions i s i n i t i a t e d 
by a complex endonuclease, correndonuclease I I encoded by uvrA. 
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uvrB and uvrC genes (Sancar and Ri4>p, 1983; Yeung et a l , , 1983). 
This enzyme acts on both sides of the pyrjmidine dimers re leas-
ing an oligonucleotide containing 12-13 nucleotides (Yeung et a l . . 
1983)« The nucleopxx>tein complexes are formed in unique stages 
during incis ion reaction which are catalysed by uvrABC endonu-
clease . The f i r s t step of binding involves an ATP stimulated 
interaction of uvrA protein with the ONA at the pyrimidine dimer 
s i t e . The uvrB protein s ignif icantly s tab i l i zes the uvrA-
pyrimidine diner containing DNA complex which in turn provides 
the foundation for the binding of \ivrC protein, \^ich activates 
uvrB ^idonuclease* The binding of 1 mole of uvrC to each complex 
of damaged DNA and uvrAB i s required to catalyse incis ion in 
the near v i c in i ty of pyrimidine dimer (Yeung et al^, 1986). 
Moreover, uvrC also minimizes the probability of resealing the 
nicked WA by l igase (Seeberg and Riqpp, 1975) • UvrABC-DNA 
complex pers i s t s even after the incision event i s over, hence 
the lack of uvrABC endonuclease turnover i s believed to play some 
role in the excision repair even beyond the i n i t i a l incision 
reaction (Yeung et a l . , 1986). The disruption of uvrABC complex 
i s , however, ass isted by uviO product, hel icase , along with 
polymerase I , as well as single strand binding proteins and 
several other endonucleases (Ganesan et a l . , 1982; Kumura and 
Sekiguchi, 1984; Matson, 1986). Moreover, uvrD locus can also 
cause a large increase in the rate of spontaneous mutation 
(Radman et sd . , 1980; Lu et a l« , 1983). The uvrABC endonuclease 
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i s pecul ia r in i t s broad spectrum subs t ra te spec i f i c i ty since 
i t also ac ts upon DNA damages in f l i c t ed by chemical mutagens and 
carcinogens (Miller and Heflich, 1982; Bennett et a l . , 1986). 
The excision step in fi.coli i s t h o u ^ t to be performed 
by 5* —* 3 ' exonuclease a c t i v i t y of DNA polymerase I (Glickman, 
1975; Heyneker and Klenow, 1975; Husain e t a l . , 1985). Moreover, 
some ro les of p o l l l , p o l I I I , uvrE and mfd genes have also been 
suggested for e f f i c ien t excision repa i r (Ogawa et a l , , 1968; 
Siegel , 1973; Van Slu is e t a l . , 1974; George and Witkin, 1975; 
West e t a l . , 1981). Subsequent genetic s tudies have revealed 
t h a t uvrE. recL« mutU and uvrO mutations are a l l a l l e l e s of the 
same gene (Smimov and Abd\ikhalykova, 1976; Siegel and Race, 1981). 
Recently, Sedliakova et a l , (1987) have suggested the inh ib i t ion 
in the excision of pyrimidine dimers by recA prote in because of 
i t s binding with damaged DNA made the l a t t e r insens i t ive to the 
ac t ion of uvrABC endonuclease, Cooper and Hanawalt (l972a,b) 
demonstrated tha t the s ize of repaired region in S .co l i I^A 
might vary from short s t re tches of nucleotides to the s t re tches 
containing several thousand nucleot ides . The long patch patnway 
i s an inducible function tha t occurs in growth supporting medium 
uinder the control of recA"*" and lexA"*" l o c i (Yoimgs et a l , , 1974; 
Cooper, 1982; Miguel and Ty r r e l l , 1986), ADout 99% of the repa i r 
events resul t : . in short patches containing 20-30 nucleotides pro-
duced by cons t i tu t ive r e p a i r . The remaining 1% events r e su l t in 
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patches which are a t l e a s t 1500 nucleotides long (Cooper, 1982). 
The f ina l s tep of excis ion r epa i r i s the l iga t ion of nicked DNA 
by l igase (Sgannella e t a l . , 1970; Yoxmgs and Smith, 1977). 
In cont ras t with E . c o l i , T^ and Micrococcus luteus 
possess a s t r i k ing ly d i f fe ren t mode of inc is ion of pyrimidine 
dimer photoproducts. They u t i l i z e dimer specif ic glycosylases 
and AP endonucleases (Walker, 1985). AP s i t e s are produced in 
DNA which are highly mutagenic s ince these are non coding 
sequences (Schaaper e t a l . , 1983; Kunkel, 1984; Piechocki e t a l . , 
1986). 
The inh ib i to ry ef fect of ce r t a in manbrane binding drugs 
on IXiA r e p a i r processes was inves t iga ted in UV i r r ad ia t ed c e l l s 
of E .co l i with d i f fe ren t r e p a i r c apac i t i e s , indicat ing t h a t a t 
leas t^a component of excis ion r epa i r i s associated with c e l l 
membrane (Todo and Yonei, 1963). 
Post r ep l i ca t ion recombinatlonal r epa i r ; The MJA les ions , 
espec ia l ly UV induced pyrimidine dimers t h a t are ne i the r s p l i t 
photoenzymatically nor removed from DNA by excision repa i r , 
block the continuoxis progress of the I^A rep l i ca t ion fork. 
However, they do not prevent the r e i n i t i a t i o n of DNA synthesis 
a t a po in t beyond the dimer (Ri^p and Ho ward-F landers , 1968). 
As a r e s \ i l t , gaps are produced in the da\aghter s trand opposite 
the les ions in DNA. These gaps are ca l led secondary l es ions . 
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The continuity of daughter strand i s interrupted by ^ p s of 
about 1,000 nucleotides (Howard-Flanders et a l , , 1968; Iyer 
and Rupp, 1971; Benbow et a l . , 1974). This type of enzynatic 
DNA repair, by which the Molecular w e i ^ t of the newly syn-
thesized strand increases, i s cal led post replication repair. 
This was f i r s t demonstrated in £ . c o l i by Rupp and Howard-
Flanders (1968). Although the post replication repair was 
f i r s t danonstrated in uvr~ strains but the excision repair 
profic ient uvr'*' strains have also found to u t i l i z e th i s path-
way to a great extent (Smith and Meun, 1970; Sedgwick and 
Bridges, 1974). The major mechanism of post replication i s 
recombinational requiring rec"*" gene function. A hint of poss i -
ble invel-vement of recombination in repair process after UY 
irradiation was f i r s t obtained whoa mult ipl ic i ty reactivation 
was discovered (Luria, 1947). 
Two models have been proposed to explain post repl ica-
t ion repair, "gapped synthesis" (Rtgpp and Howard-Flanders, 1968) 
and "replication bypass" (Higgins, et a l . , 1976; Fujiwara and 
Tatsumi, 1976; Livneh and Lehman, 1982). These two models 
suggested that i f WA was replicated^the. daughter strand would 
be synthesized in shoirt pieces according to "gapped synthesis" 
or would be intact according to "replicative bypass". However, 
i f post replication repair was blocked, fork progression would 
be blocked in "replication bypass" but not in "gapped synthesis". 
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Recombination bypass of pyrimidine dimers i s promoted by recA 
pro te in in E .co l i (Cas te l lazz i e t a l . , 1980; Livneh and Ldaman, 
1982; Livneh, 1986). Recent models have sxiggested t h a t pyrimi-
dine photoproducts sez*ve as the absolute block to DNA rep l ica t ion 
and the 'SOS» induced p ro te ins are required for t h e i r bypass. 
However, in v i t r o s tudies revealed t h a t fl.coli DNA polymerase I I I 
holoenzyme in se r t s nucleot ides opposi te pyrimidine dimers to a 
significeoit l eve l even in the absence of *SOS' induced pro te ins 
(Uvneh, 1986). 
In £ . c o l i . four c lasses of mutation appear to caxise 
def ic iencies in post r ep l i ca t ion r e p a i r v i z . recA"*", lexA'*'. 
ruv and recF"*". In v i t r o s tud ies have s\iggested t h a t recA 
p ro te in p a r t i c i p a t e s d i r e c t l y in pos t r ep l i ca t ion r e p a i r . I t 
I n i t i a t e s s t rand exchange and branch migration through the 
p ro te in 
pyrimidine dimers in presence of ssb^and ATP (West e t a l . , 1981). 
The most fascinat ing property of recA pro te in of E .co l i i s i t s 
a b i l i t y to form filaments with nucle ic acid (Dunn e t ^ . , 1982). 
These filaments i n t e r a c t with l i n e a r DNA molecules and eachibit 
end jo ining a c t i v i t y (Register I I I and G r i f f i t h , 1986). An 
important role of recA pro te in has a lso been suggested in 'SOS' 
induced ta rge ted mutagenesis in addi t ion to i t s recombinational 
and regulatory functions (Walker, 1984). Moreover, leacA"*", recB"*", 
recC , recF*, recN"*". nw"*" and polC'*'gaaes a re also known to af fect 
pos t r ep l i ca t ion r epa i r (McHenry and Komberg, 1981; Lovett and 
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Clark, 1983; Picksley et al., 1984). RecF and lexA loci have 
regulatory role rather than participating at mechanistic level 
(Walker, 1985). RecN mutants are fully resistant to UV light. 
However, these mutants are sensitive to ionizing radiations 
and mitomycin C and therefore, are supposed to repair double 
strand breaks (Picksley et al., 1984). ^iv mutants are also 
found to be defective in post replication repair (Otsuji et al., 
1974). Ruv gene product participates in the repair process 
subsequent to strand re;Joining in the resolution of Joint mole-
ctae into a viable genome (Llyod et al.. 1984). Post replica-
tion in mammalian cells is little different from that occurr-
ing in E.coli. Moreover, it is also not yet clear as to how the 
eukaryotic replication machinery tolerates the JXik damage 
(Walker et al.. 1985). This repair systan also does not seem to 
be important in yeast since some of its mutants that are not 
radiation sensitive fall to show the characteristic increase 
in genetic recombination after radiation treatment (Rodarte 
and Mortimer, 1972). 
Inducible error prone SOS repair; The term 'SOS' (inter-
national distress signal) Implies to an error prone repair, 
induced under enormously stressed condition of growth as a 
last resort for the survival of cells. The existence of 'SOS* 
network was clearly postulated by Defais et al. (1971) and was 
further developed and amplified by Radman (1974, 1975) and 
Wltkln (1976). The exposure of E.coli to the agents that damage 
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SNA or interfere with DNA replication results in the induction 
of a diverse set of physiological responses called 'SOS' 
response. The idea of 'SOS' hypothesis i s the result of many 
early observations. Lwoff et a l . (1950) observed that UV 
radiation in i t ia ted mass induction of prophage in lysogenic 
bacteria. Subsequently, certain other treatments with capacity 
to stop replication e .g . exposure to X-rays, incubation with 
mitomycin, starvation for thymine and temperature elevation in 
certain t s mutants, were also reported to bring about "prophage 
induction" (Latarjet, 1951; Otsuji et a l . , 1959; Melechen and 
Skaar, 1962). Veigle (1953) also observed substantial enhance-
ment of plaque foxming ab i l i ty of UV irradiated bacteriophage 
lambda when the host bacterium was also UV irradiated prior to 
the lambda infect ion. This increased survival was also accom-
panied with the high mutation frequency. This finding provided 
the basis for inducible error prone repair commonly known as 
•SOS* repair. This i s also termed as 'Weigle-reactivation' 
and requires recA"*" and lexA"*" genotypes of host (Miura and 
Tomizawa, 1968; Defais et a l . , 1971). 'SOS' repair i s a highly 
integrated and sophisticated regulatory network that requires 
de novo protein synthesis for expression (Koval, 1986). I t i s 
an inducible repair process and i s believed to be responsible 
for a common mutagenic pathway (Radtaian, 1974; Witkin, 1975; 
Walker, 1985). In response to DNA damages cal l ing for the SOS 
repair, DNA repair systems in E.col i are activated, c e l l division 
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i s a l t e r e d , in tegra ted vi ruses are induced and resp i ra t ion i s 
blocked (Witkin, 1976; L i t t l e and Mount, 1982). 
Several b a c t e r i a l genes have been iden t i f i ed which 
coordinately fimction in 'SOS' repa i r . These are uvrA and 
uviS (DNA repair).umuC (mutagenesis), sfiA ( f i lamenta t ion) , 
himA ( s i t e spec i f ic recombination) and several din genes with 
unknown fiinctions in addi t ion to the recA and lexA genes 
(Witkin, 1976; Kenyon, 1983). Role of recBC and recN genes 
has also been suggested in 'SOS' induction (Chaudhury and Smith, 
1985; Finch e t a l . , 1985). 
RecA and lexA genes are the regula tors which cont ro l 
'SOS' response. Under nonnal conditions lexA pro te in represses 
the subordinate genes of the system and recA pro te in derepresses 
these l o c i in response to SNA damage. In addi t ion, f ine controls 
and feedback loops are believed to be operat ive in modifying the 
i n t e n s i t y and duration of 'SOS' response and permit the d i f f e -
r e n t i a l expression of these subordinate genes (Kaiyon, 1983). 
LexA pro te in i s a s e l f repressor and also binds to s imi la r opera-
t o r sequences in each gene ( L i t t l e et a l , , 1981; Sancar e t a l , , 
1982; L i t t l e , 198A). During 'SOS' induction, the lexA r e -
p ressor i s cleaved between a la -g ly bond by the second regula tor , 
the recA p ro t e in ( L i t t l e , 1984). RecA pro te in acquires a specif ic 
protease a c t i v i t y to foim recA when i t i n t e r a c t s with an i n t r a -
ce l l i i l a r molecule t h a t r e su l t s from ce r t a in type of MJA damage 
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and there fore , recA product i s considered to play a key ro l e 
in the induction of 'SOS' response (Radman, 1973; Takahashi 
e t a l , , 1986). The 'SOS' response i s t r a n s i a i t and thtis fo l low-
ing DNA repair and removal of inducing stimulus ( i ) recA 
prote in l o s e s i t s protease a c t i v i t y , ( i i ) l e v e l of lexA r e -
pressor r i s e s , and ( i i i ) repress ion of the SOS genes resumes 
(Brent and Ptashne, 1981; L i t t l e e t a l . , 1981; Sancar et a l . , 
1982). 
The accunulation o f c e r t a i n deoxynucleotide monophos-
phates and a high l e v e l induction of recA gaie expression have 
been suggested to s t imulate the 'SOS' repa ir (Gottesman, 1981). 
Moreover, S a l l e s e t ^ , (1983) reported the f u l l ampli f icat ion 
o f recA pxx>tein without any a n p l i f i c a t i o n o f other s ing le strand 
binding prote ins under the 'SOS* inducing condi t ions . Recently, 
Bebenek and Janion (1983) a l so proposed the p o s s i b l e ro le of 
mismatch repair in the induction of 'SOS*. 
Mutagenesis resu l t ing from 'SOS' processing of damaged 
WA tonplate i s targeted and i s not due to the induction of some 
random mutator a c t i v i t y (Mi l l e r , 1983; Walker, 1984). Radman 
(1974, 1973) suggested that the appearance of mutation during 
'SOS* process ing might be due to the inducible i n f i d e l i t y o f 
MiA r e p l i c a t i o n , because pyrimidine dimers were found to block 
the chain elongation by p u r i f i e d MiA polymerase I and I I I on UV 
i rrad ia ted DNA template. Subsequent s t u d i e s revealed the involve-
ment of inducible i n h i b i t i o n o f proof reading (3 ' —• 3 ' exonu-
c l e a s e ) a c t i v i t y of DNA polymerases (Radman _et a l . , 1977; 
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Boiteux e t a t . , 1978; Vi l lani e t a l . , 1978). The demonstra-
t i on t h a t the € subxmit of DNA polymerase I I I holoenzyme has 
a cen t ra l ro le in cont ro l l ing the f i d e l i t y of DNA rep l i ca t ion 
provided precedent for how a pro te in could modulate the f i de -
l i t y of DNA polymerase (Scheuermann e t a l . , 1983). Moreover, 
the lexA dependent conversion of DNA polymerase I I I holoenzyme 
to 'SOS* polymerase has also been postula ted (Scheuennann e t a l . , 
1983; Piechocki e t a l . , 1986). Recently, Lu e t a l . (1986) have 
also proposed t h a t recA mediated inh ib i t i on of 3 ' —• 5' nuclease 
a c t i v i t y of i so la ted £ subimit of DNA polymerase I I I was respon-
s ib le for targeted mutagenesis. 
Adaptive response; Samson and Cairns (1977) discovered a 
s t r i k ing ly new form of inducible DNA repa i r which was found to 
be independent of 'SOS* regulatory network. This was cal led 
•adaptive response' and foxand to reduce the mutagenic and cy to-
tox ic e f fec ts of a lkyla t ion damage. Subsequent work by Cairns 
e t a l , (1981) showed the adaptive response to be speci f ic for 
a lky la t ion damages and the exposure to sublethal concentration of 
N-fflethyl-N-nitro-N-nitrosoguanidine caused adaptat ion. The adap-
t i v e response in fi.coli i s control led by ada locus (Walker, 1985). 
Alkylation of DNA produces l e t h a l and mutagenic les ions most of 
vrtiich are repaired by various mechanisms. However, a unique 
a c t i v i t y i s associated with ada gene product , 0 methylguanine 
DNA-methyltransferase which cor rec ts the 0 methylguanine adduct 
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In one step by a self destructive mechanism (Demple and Karran, 
1983; Defais, 1985; Brennand and Margison, 1986). This enzyme 
greatly oihances the danethylation at 0 position of guanine 
by way of covalent abstraction of methyl moiety to its cysteine 
residue. The consequent methylation of cysteine residue renders 
the ada protein incapable of further repair and therefore, it is 
called •suicide enzyme' (Lindahl et al., 1982). 
Tec et ^ . (1986) reported that covalently modified enzyme 
acts as a treoiscriptional activator and controls the expression 
of alkA« alkB. aidB as well as its own gene by binding to the 
sequence d (AAANNAAGCX^ CA) immediately iq}stream of RNA polymerase 
binding site in the promoter region. The widespread 0 methyl-
tumour 
guanine DNAnaaethyltransferase is absent in certain himan/cell 
strains, lymphoblastoid cell lines and some rodent tissues. This 
fact has also been attributed to the high risk of cancer of these 
tissues by alkylation (Day et al., 1980; Yarosh, 1985). 
Repair of bacteriophage lambda 
The damages induced in lambda WA by UV radiations are 
repaired utilizing one or more of the three processes: 
Host cell reactivatAon; The capacity of \inirradiated host to 
reactivate irradiated phage is known as host cell reactivation. 
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Bacteria proficient in host cell reactivation are called HCR 
whereas excision repair defective strains have been designated 
as HCR". This is the most efficient repair process vdiich is 
error free and non mutagenic (Harm, I963). Host cell reactiva-
tion of phage is due to the capacity of host cell to excise 
pyrimidine dimers (Boyle and Setlow, 1970). DNA polymerase I 
and to a lesser extent endonuclease Yl are necessary for host 
cell reactivation (Gossard and Verley, 1978). Methylated phages 
have also been reported to be reactivated by the host employing 
AP endonuclease as well as glycosylase (Margaret et al., 1982). 
Prophage reactivation; It is the process of DNA repair of UV 
Irradiated lambda when the host bacteriim carries the hetero-
immune homolO£^us phage. It does not occur with non lysogeiic or 
lysogenie host carrying non homologous phage (Jacob and ¥ollman, 
1933) • This phenomenon is believed to be due to recombination 
between the homologous IXfAs of UV damaged phage and the Intact 
resident phage (Chase, 1964; Devoret and Coquerelle, 1966; 
George and Devoret, 1971). This process makes use of recombina-
tion repair enzymes of host (Howard-Flanders and Theriot, 1966) 
and red gene of phage lambda but not the int gene (Blanco and 
Devoret, 1973). No UV mutagenesis seems to result from prophage 
reactivation (Miura and Tomizawa, 1970; Blanco and Devoret, 
1973). Multiplicity reactivation (Luria, 19^7) and cross reacti-
vation or marker rescue (Doexmann, 1961) have been suggested to 
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be due to recombination. There i s in p r inc ip l e no need of 
extra copies of DNA s t r ands . Therefore, these processes are 
believed to be pre implicat ive recombination repa i r (Baker 
e t ^ . , 1971; Howard-Flanders and Lin, 1973; Devoret e t a l . , 
1975). 
Weigle reac t iva t ion! I t i s defined as the increased survival 
of U? i r r ad i a t ed phage when the host bacterivm i s also exposed 
to UV p r i o r to infect ion (Weigle, 1953). This phenomenon i s 
accompanied by higjki f requoacy of mutation. Devoret e t a l , 
(1975) have sxiggested t h a t W-reactivation of bacteriophage lambda 
i s indepoidecit of both excision and recombinational r epa i r and 
t h a t i t depends on a new e r ro r prone r e p a i r a c t i v i t y induced in 
the host c e l l by UV rad ia t ion and o ther »SOS* inducing t r e a t -
ments. W-reactivation does not occur i f the chloramphenicol i s 
present in the preincubation mediun (Defais e t a l . , 1976), ¥ -
reac t iva t ion of UV i r r a d i a t e d lambda does not require the fxmc-
t ion of uvr and pol genes but i t requires the fxmctional rec"*" 
and lex gaies (Yamamoto and Shinagawa, 1985). 
Two genes of phage lambda have been shown to Influence 
radia t ion s e n s i t i v i t y . These are designated as red and gam. 
The red and gam genes play a more s ign i f i can t role in r e p l i c a -
t ion and maturation of phage during normal vegetat ive growth. 
The red gene codes for two p r o t e i n s , exonuclease V and p pro te in . 
The former i s considered equivalent to recBC coded IWNase, The 
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deficiency in red renders phage sensitive to >( -rays 
(Srivastava, 1973)• It has been shown by employing the 
alkaline sucrose gradients that Y "i^ys induced single strand 
breaks may be repaired by red"*" pathway (Srivastava, 1973). 
Red dependent radio resistance could be restored if exonuclease 
V and ^  protein were present during recovery even after 1 h 
of irradiation (Trgovcevic and Rxxpp, 1975). 
The gam mutant was isolated by Zissler et al_, (1971) 
and was shown to cause a slight recombination deficiency in 
phage lambda. These mutants were only marginally UV sensitive 
in a uvrArecA strain. However, these mutants have been shown 
to be sensitive to X-rays in wild-type and DNA polymerase I 
deficient strains. Both gam and red genes have been assumed 
to act independently (Trgovcevic and Rupp, 1975). 
Hianan genetic diseases associated with defects in DNA repair 
The discovery of intracellular machinery capable of 
repairing damaged WA turns out to be one of the most important 
and far reaching contributions of radiation biology to modem 
genetics (Haynes et al., 1966; Hanawalt and Setlow, 1975). 
Organisms with iiqaaired repair capacities do not long survive 
in nature and an inci*easing number of rare genetic diseases in 
man have been associated with repair defects (Cleaver, 1977; 
Setlow, 1978). The variety of repair s3mdromes such as 
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XerocLeiaa planaitostm (Kraoner, 1977; Fomace et a l . , 1986a; 
Park e t a l . , 1986), Ataxia t e l ang i ec t a s i a (McFarlin et a l . , 
1976; Shiloh e t a l . , 1985; Fomace et a l . , 1986b), Bloom's 
syndrome (Genaan, 1978; Ockey and S a f f h i l l , 1986), Fanconi's 
anaqnia (Fanconi, 1927; Ishida and Buchwald, 1982), Progeria 
(Debusk, 1972; Epstein e t a l , , 1973), Retinoblastoma 
(Weichselbaum e t ^ . , 1978; Garcia and Coco, 1987), 
Dyskeratosis congenita (Car ter e t a l . , 1978), Cockayne's 
syndrome (Lehman and Mayne, 1981; Yatani e t a l . , 1982) and 
Leukqnia (Setlow, 1978) m i ^ t be taken as an indicat ion of 
adaptiye s ignif icance of repa i r in eyolution. £yen more 
important fzom a public hea l th point of yiew i s the p o s s i b i l i t y 
' tha t carcinogenesis might be i n i t i a t e d by mutations (Ames et a l . , 
1973; Trosko and Chang, 1978). Such eva i t s are now thought to 
be mediated by mutagenic r e p a i r of DNA damages caused by 
enyironmental and endogenous mutagens (Kolber, 1974; Paterson, 
1977). Certain neura l d i sorders , hear t f a i l u r e and ageing 
processes haye also been supposed to be due to the accumulation 
of DNA damages and impaired r epa i r c a p a b i l i t i e s (Ames, 1979; 
Hall e t a l . , 1984; Jachymczyk, 1985). A more de ta i led informa-
t i o n about genetic diseases may be obtained from the reyiews on 
t h e subject (Hanawalt e t a l . , 1978; Inoue, 1985). 
These DNA repa i r diseases are yery rare and mostly 
happened to be autosomal recess iye charac ter . Hence, the 
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symptoms are produced in the indiv idual who rece ives two 
copies o f de fec t ive genes. Persons with only one copy are rare 
gene carr i er s passing the genes to t h e i r progeny, but who do 
not themselves develop symptoms. Though, the homozygotes are 
rare , the carr i ers may be r e l a t i v e l y common in population which 
probably might be t h e cause of high incid^iice of cancer (Marx, 
1978). 
ia<A l e s i o n s 
One o f the paradoxes in the f i e l d of DNA repair i s that 
more i s known about repair pathways than about the l e s i o n s on 
which they operate . Most phys i ca l and chemical genotoxic 
agents induce a large v a r i e t y of products . In many cases l e s ions 
induced by d i f f erent agents are s t r u c t u r a l l y re lated and are 
expected to have s i m i l a r e f f e c t on the l o c a l conformation of IMA 
h e l i x (Pa inter , 1978) . S t r u c t u r a l l y re la ted l e s i o n s are a l so 
expected to have s imi lar b i o l o g i c a l e f f e c t s regardless of the 
agents responsible for t h e i r formation (Cerut t i , 1975). Lesions 
induced by UV, ion iz ing r a d i a t i o n s , heat and ion ic strength may be 
summarized as under: 
UV induced l e s i o n s ; UV l i g h t i s s e l e c t i v e l y absorbed by I^A 
and 9&% o f the UV induced l e s i o n s c o n s t i t u t e cyclobutane type 
pyrimidine dimer. The pyrimidine dimers formed in WA o f i r rad ia -
ted bac ter ia appear to comprise 5056 thymine-thymine, 40J6 thymine-
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cytosine and 10% cytosine-cytosine dimers. However, the 
photo r e a c t i v i t y of pyrlmidine-purine sequences in some deoxydi-
nucleot ide monophosphates and a l t e rna t ing UNA copolymers has 
been inves t iga ted to show as to how polynucleotide confoxmation 
a f fec ts the y ie ld of thymine-adenine dimer in poly(dA-dT) i r r a -
dia ted a t 254 nrn. I t was shown t h a t formation of mixed pyrimi-
dine-purine photoproducts in DNA i s probably r e s t r i c t e d to T-A 
doublets (Kumar e t a l . . 1987). 
The pyrimidine dimers have been extensively studied both 
in v i t r o as well as in vivo conditions (Setlow and Setlow, 1972; 
Cleaver, 1974; Pa t r i ck and Rahn, 1976). Furthermore, UV rad ia -
t i o n s have been shown to induce c lose ly opposed cyclobutyl p y r i -
midine formation in DNA, employing pyrimidine dimer glycosylase 
(Lam and Reynold, 1987). The r a t e of UV dimerisation i s not only 
affected by 5 '»3 ' adjacent bases but also with the pos i t ion 
ins ide the pyrimidine t r a c t s . Dipyrimidines a t 3 ' end of t r a c t 
are more photoreact ive than those a t 5* end (Sauerbier, 1986), 
Less predominantly and ra re ly reported UV les ions , mostly demons-
t r a t e d lander in v i t ro conditions comprised of thymine dimers other 
than 5 ' , 6 ' unsaturated linkage of cyclobutane type (Donnellan and 
Setlow, 1965; Varghese, 1970), \mzipping of DNA strands in the 
v i c i n i t y of pyrimidine dimers (Gupta and Mitra, 1974), i n t e r 
s t rand cross l lnklng (Glis in and Doty, 1967) and cross l inks between 
DNA and p ro te ins in case of bacteriophage (Smith, 1962). DNA 
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pro te in cross l inks and backbone breakage induced by f a r and 
near UV and v i s i b l e l i g h t have been reviewed extensively by 
Peak and Peak (1986). Moreover, Hutchinson and Wood (1986) 
have thoroughly reviewed the work on the UV induced mutagenesis 
i n E . c o l i . 
Ionizing radia t ion induced l e s ions ; Ionizing radia t ion 
induced damages in DNA include s ingle and double s t rand breaks, 
formation of a l k a l i l a b i l e s i t e s , DNA pro te in cross l inks 
(Collyns e t a l . , 1965; Dugle e t a l . , 1976; Ward, 1985), and 
base damage of ntjmerous yet xmidaxtified types (Fre i fe lder , 
1966; C e r u t t i , 197A). Recently, Dizdaro^e e t a l . (1987) have 
iden t i f i ed 8 ' , 5 ' cyclo-2-deoxyguanosine as a Y~rays induced 
base damage in DNA of cul tured human c e l l s . Single strand breaks 
a re considered to be repai rable les ions (Town &t £ l . , 1971; 
Netrawali and Nair, 1983; Vanderschans e t a l . , 1984), whereas 
the double s t rand breaks and base damages are considered to 
cause l e t h a l i t y . Town e t a l . (1972) suggested t h a t the increased 
rad ia t ion s e n s i t i v i t y i s cor re la ted with increased s t rand breaks 
in oxic as compared to anoxic condi t ion. Dean et_ a l , (1969) 
reported for the f i i ^ t time tha t oxic and anoxic i r r a d i a t i o n 
yielded i den t i c a l nisDber of breaks and t h a t anoxic breaks were 
subjected to rapid r e p a i r . Subsequently, Srivastava (1974) also 
reported tha t there was no difference in the number of anoxic and 
oxic breaks in phage lambda, i r r a d i a t e d e x t r a c e l l u l a r l y . Further-
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more, DNA polymerase I was suggested to repa i r strand breaks 
very fas t during i r r a d i a t i o n and before l y s i s in buffer and 
most of the anoxic breaks were rejoined by DNA polymerase I . 
Sapora e t a l . (1975) and Fox e t a l . (1976) confimed the 
r e s u l t s of Srivastava and fur ther suggested t h a t the basic 
difference between oxic and anoxic breaks l i e s in the chemical 
nature of breaks and events . 
Formation of apyrimidine s i t e s following y - i r r ad i a t i on 
has been reported and tha t these s i t e s are increased upon incuba-
t i on of i r r ad i a t ed DNA in neu t r a l solut ion (Lindahl and 
Ljungqiilst, 1975). Ionizing radia t ion induced a l t e r a t i ons in 
b a c t e r i a l membrane have also been reported (Alper, 1968; 
Bezlepkin and Gazier, 1983). 
Heat induced les ions ; Heat damages involve mul t i t a rge t des t ruc-
t ion of l iv ing c e l l s . I t a f fec t s the v i a b i l i t y of c e l l s due to 
the damage in DNA, RNA, p ro te in and c e l l u l a r maabrane (Busta, 
1976; Strange, 1976; Kostina, 1983). Super optimal temperature 
caused spontaneous hydrolysis between 80-100°C (Signer et a l . , 
1961), depurination (Greer and Zamenhof, 1962) and thennal dena-
tu ra t ion vrtiich infact includes regions of t r a n s i e n t loca l daiatura-
t ion a t c h a r a c t e r i s t i c po in t s t h r o u ^ o u t bacteriophage genome a t 
52°C (Ginoza and Zimm, 196I; Inman, 1966). In vivo 52°C thennal 
treatment caused degradation of DNA leading to the fonnation of 
s ingle and double s t rand breaks . However, such breaks are not 
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produced by in v i t r o heat t reatment . Therefore, i t i s believed 
t h a t these breaks are produced as a r e s u l t of enzymatic process-
ing of damaged DNA (Sedgwick and Bridges, 1972; Harada et a l . , 
1984). 
In £ . c o l i . mutations a t resA, recA. exr (Bridges e t alj_, 
1969a,b; Ahmad e t a l . , 1978; Greez et al,, 1984) and l i g 
(Pauling and Beck, 1975) l o c i were reported to increase heat 
s e n s i t i v i t y . Ahmad et a l . (1978) and Ahmad and Srivastava 
(1980) inves t iga ted the ro le of radia t ion r epa i r genes in 
g . c o l i and bacteriophage lambda e:qposed to 52°C. The recA. lexA 
and polA mutants of S .co l i were more s e n s i t i v e than the wild-
type , recB and uvrA s t r a i n s . Liquid holding recovery was in f lu -
enced by lexA function of E .co l i (Ahmad e t a l . , 1978). Phage 
lambda was not affected a t 52°C as free p a r t i c l e s . However, 
i n t r a c e l l u l a r heating inac t iva ted lambda and the s e n s i t i v i t y 
depended largely on polA"*". uvrA , lexA and recA b a c t e r i a l genes 
-I- -f 
and red of lambda locus . The uvrA gene seems to play an 
important role in the r e p a i r of lambda DNA but not of bacter ia 
alone (Ahmad and Sr ivas tava, 1980). Other than DNA, heat damages 
include the a l t e r a t i o n in the penneabi l i ty behaviour and damage to 
BNA (Hurst, 1977; Ahmad, 1978). Damage to c e l l manbrane has also 
been demonstrated by decreased s a l t to le rance of the c e l l s 
(Busta and Jezesk i , 1963; Smolka e t a l . , 1974). 
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Ionic s t rength Induced les ions : Osmotic upshock Is well 
known to adversely affect the growth of animals, p l an t s and 
microorganisms (Gi l l es , 1979; Rains e t a l . , 1980; Costilow, 
1981). Inh ib i t ion in the growth of E .co l i has been a t t r i b u t e d 
to the inh ib i t ion of ac t ive t ranspor t of carbohydrates under 
severe osmotic s t r e s s (Roth et a l . , 1985a). Subsequent s tudies 
by Roth et a l . (l985b) revealed tha t hypertonic treatment i n -
duced the s t r u c t u r a l d e f o m i t i e s in the membrane comiJonents of 
t r anspor t system of E . c o l i . I t has also been reported t h a t 
hypertonic solut ion of NaCl apparently caused membrane damage 
in blue green algae (Batterton and Baalen, 1967). Moreover, 
the c e l l s of E .co l i l o s t t h e i r colony foiming a b i l i t y with a 
s ign i f i can t re lease of UV absorbing ma te r i a l s as well as Hg 
during incubation in Tr is buffer containing sodium chloride 
(Sato e t a l . , 1972). Ear l ie r , Gros e t a l . (1967) suggested t h a t 
h i ^ sucrose concentration rendered the E .co l i c e l l s permeable to 
nucleot ide t r iphosphates . l i j ima and Ikeda (1969) also reported 
the re lease of DNA and other compounds upon s a l t treatment to 
Baci l lus s u b t i l i s . Prakash and Chhatarpar (1985) observed tha t 
sodium chloride might play a s ign i f i can t role in regulat ing the 
aizymic a c t i v i t y e i t h e r t r a n s c r i p t i o n a l l y , pos t t r a n s c r i p t i o n a l l y 
o r a t the l eve l of the turnover r a t e of the enzymes involved in 
carbohydrate metabolism. The s a l t t r e a t e d c e l l s have been found 
to recover s ign i f i can t ly in d i f ferent recovery media (Roth _et a l . . 
1985b). 
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£. COli has a capabi l i ty to grow in very l imit ing condi-
t i ons of d ivalent ca t ions . This bacterixjm tends to accumulate 
carbohydrates during growth a t low water a c t i v i t y (Roller and 
Anagnostopoulos, 1982). However, on prolong incubation in 
growth medium without Mg*"*", the ce l l s suffer the loss of r i bo -
somes (McCarthy, 1962). In v i t r o s tudies reveal tha t ribosomes 
d i s s o c i a t e and subsequently d i s i n t eg ra t e as the Mg"*""*" concentra-
t i o n i s fur ther reduced (Chao, 1957). 
Loss of induction as well as i nh ib i t i on in the a c t i v i t y 
of ga lac tos idase was observed when i ; .coli c e l l s were t ransferred 
from Mg"*""*" r ich to Mg * de f ic ien t growth medium. However, the 
enzyme a c t i v i t y was found to be decreased more rapidly in gram 
p o s i t i v e than in gram negative bac te r ia (Webb, 1970), High concen-
t r a t i o n of s a l t and sucrose in growth medium caused a d r a s t i c 
change in t he r a t io of the two peptidoglycan associated outer mem-
brane p r o t e i n s , b and c of £ . c o l i . The l e v e l of these b and c 
p ro te ins was reported to be respect ively low and h i ^ under these 
condit ions (Alphen and Lugtenberg, 1977). The bac te r ia growing 
under hypertonic medium invariably exhibi t an increased buoyant 
dens i ty , presumably due to the shrinkage of the ce l l s (Baldwin and 
Kubitscheck, 1984; Koch, 1984), 
The effect of varying ionic s t rength on the in v i t ro 
t r a n s c r i p t i o n of chloroplast DNA was studied using a DNA pro te in 
complex i so la ted from spinach p l a s t i d s . Changes in the ionic 
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s t rength modified the t r ansc r ip t ion of various DNA regions 
(Blanc et ^ , , 1981). A s igni f icant increase in the recA 
pro te in promoted DNA strand exchange was observed under varying 
ionic s t rength (80-120 mM) conditions (So l t i s and Lehman, 1984). 
Repair of radia t ion induced DNA strand breakage in 
E .co l i has been reported to be prevented when the c e l l s were 
suspended in hypotonic buffer during i r r a d i a t i o n (Boye, 1980), 
The ionic s t rength and ton i c i t y of buffer s ign i f i can t ly affected 
the repa i r p o t e n t i a l of c e l l s (Boye, 1980). The s e n s i t i v i t y of 
UV i r r a d i a t e d v i r a l DNA to b io logica l inac t iva t ion ins ide the 
host c e l l was enhanced with a decrease in the ionic s t rength of 
the buf fer (Larcom _et a l , , 1981). 
The increasing divalent copper and manganese ions 
concentration was Jn v i t r o found to decrease ce r ta in physico-
chemical p roper t i e s of DNA such as contour length and excluded 
volume (Kamilova e t a l . , 1984). The influence of d i f fe ren t 
monovalent cat ions on the formation of thymine photoproducts 
in DNA a t moderate ionic s t rength was invest igated in the range 
of 5 mM-5MNaCl. I t was suggested tha t the geometric cons-
t r a i n t s influenced the s e n s i t i v i t y of DNA to UV i r r a d i a t i o n . 
The thymine photoproduct formation was influenced by the nature 
of monovalent counter ions in the order of Na*< K"*"< NH.'^< Cs'*"< 
Li , However, high s a l t molari ty reported to have no s ign i f ican t 
effect on photoproduct formation but strongly influenced the UV 
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induced s t r u c t u r a l changes of DNA (Lang and Zimmer, 1984). 
The t r a n s i t i o n temperature of DNA was also found to be dependent 
on both the DNA and Mg"*""*" ion concentrat ion. At >1 mole r a t io of 
Mg** t o DNA, i t tends to des tab i l i ze the DNA double h e l i x . 
However, a t 1 mole ratio^DNA was p rec ip i t a t ed as the temperature 
was ra ised beyond t r a n s i t i o n tenperature (Baba and Kagamoto, 1974), 
Subsequently, Raman spectroscopy revealed t h a t Mg probably 
binds to N' pos i t ion of guanine in addi t ion to carbonyl and phos-
phate groiips and thus exhibi ted the binding spec i f i c i ty s imi la r 
to Cu * ion (Manfeit and Theophanides, 1983). On the basis of 
quantisD chemical s tud ies i t was proposed t h a t Na d i s soc ia tes the 
H-bonding between the A-T base p a i r (Hobza and Sandorfy, 1984). 
S a l t induced B—».Z conformational t r a n s i t i o n in DNA i s 
well documented xmder in v i t r o condit ions (Taboury and 
Ta i l l and ie r , 1984; Cavai l les e t a l , , 1984). However, these 
s tudies show t h a t such a t r a n s i t i o n i s a revers ib le phenomenon 
(Peck e t a l . , 1982). The r igh t handed B DNA i s believed energe-
t i c a l l y to be the most s tab le s t r uc tu r e , whereas the l e f t handed 
Z foim i s obviously a s ign i f i can t ly unstable conformation. This 
i n s t a b i l i t y has been r a t iona l i zed in tenns of competition between 
s t a b i l i z i n g in t e rac t ions and d i s t o r t i o n in the bond angle of the 
sugar phosphate backbone (Pattabiraman e t a l . , 1987). Z form of 
DNA thus appeared to be a comparatively more f l ex ib le s t ruc tu re 
(Cavai l les et a l . , 1984). Z confomation has also been reported 
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to be a l ess ac t ive t r a n s c r i p t i o n a l template than the B fonn 
(Butzow et aJ.., 1984), Moreover, les ions in ZDNA seem to be 
l e s s suscept ib le to DNA repa i r as a lkyla ted guanine was not 
excised from synthet ic ZDNA. However, these les ions were 
eas i ly removed when present in the B confonnation (Lagravere 
et a l , , 1984). Recently, recA p ro te in , which plays a key role 
in the induction of 'SOS' response, has been shown to bind p r e -
f e r e n t i a l l y with ZDNA and thus the ro le of t h i s fonn of DNA 
has \ieen. suggested in various metabolic processes (Blaho and 
Wells, 1987). 
Bode (1968) demonstrated a decrease in the number of 
super twis ts in c i r c u l a r lambda M4A following high ionic s t rength 
t rea tment . The p i t c h of DNA molecule was also fotmd to be 
a l t e r e d . Later on, S tud ie r (1969) reported t h a t the sedimenta-
t i on r a t e of ciircular lambda DNA was decreased with the increase 
in the ionic s trength contrary to the l i n e a r fonn of DNA. 
Fur ther , the high ionic s t rength also accentuated the ionizing 
radia t ion induced DNA strand separat ion (Rydberg, 1975). The 
involvanent of radia t ion repa i r pathways has long suggested in 
normal metabolism e .g . genetic recombination (Howard-Flanders 
and Ther iot , 1966). Later , Bridges e t a l . (1969) have postula ted 
the ro l e of radia t ion r epa i r genes under the non physiological 
condi t ions , on the bas i s of t h e i r work on the mild heat treatment 
to E . c o l i . Ahmad e t a l . (1978) and Ahmad and Srivastava (1980) 
also provided evidence t h a t mild heat, damage to E .co l i and 
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bacteriophage lambda i s repaired by rad ia t ion r epa i r genes. 
Moreover, i t i s now a well known fact t h a t the radia t ion 
r epa i r systen recognizes a broad spectrum of DNA lesions 
(Bennett e t a l , , 1986), Certain ha loph i l i c bac t e r i a were 
also reported to have an e f f i c i en t photo reac t iva t ion syston 
and, therefore , are capable to grow a t high doses of UV rays 
(Hescox and Carlberg, 1972). 
The studies on the ro le of radia t ion r e p a i r genes 
\ander the non physiological ionic condi t ions , however, s t i l l 
seem to be very l imi ted . In the l i gh t of the above l i te ra tx i re , 
the present work was xmder t aka i to inves t iga te the effect of 
low and h i ^ i ionic s t rength t reatmoats on S. c o l i and bacterio-^ 
phage lambda. The low ionic s t rength condit ion did not turn 
out to be more a t t r a c t i v e in view of r e l a t i v e l y mild effect on 
the survival of radia t ion s ens i t i ve mutants of E . c o l i . There-
fo re , the subsequent s tud ies were car r ied out only under the 
d i f ferent high ionic s t rength condi t ions . The major object ives 
of the invest igat ion were as follows: 
1. To compare the de le te r ious effect of d i f fe ren t non 
physiological treatoaents on the surv iva l of E .co l i and 
bacteriophage lambda. 
2 . To deteimine the involvement of DNA r e p a i r genes, i f any, 
in the 1M MgSO^  + 556 NaCl (HIS) t r e a t e d E .co l i c e l l s and 
bacteriophage lambda. 
- 32 -
3. To find out the appropriate physiological condition for 
the recovery of HIS damaged cells. 
4. To analyse the nature of HIS induced DNA lesions under 
the in vitro conditions, 
5. To investigate the in vivo DNA lesions and other than those 
in the ENA following 1M MgSO^ + 596 NaCl exposure to E.coli 
cells. 
CHAPTER II: GENERAL MATERIALS AND METHODS 
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Table 1 , The Esche r i ch i a c o l i and Salmonel la tvphimurium 
s t r a i n s used In t h i s s tudy have been t a b u l a t e d 
a s imder 
S t r a i n 
d e s i g n a t i o n Relevant g e n e t i c markers Source 
AB2463 
AB2A70 
E . c o l i K-12 s t r a i n s 
AB1157 t h i ~ 1 . a rgS5. t h r - 1 . leuBS^ Howard-Flanders, P . 
proA2. hisGk, l a c Y I . F " . S t i £ , 
AS 
recA13« t h l - 1 . a rgE3. t h r - 1 ^ Howard-Flanders, P . 
leuB6. proA2. h l s G 4 . F " . S t r ^ . 
A-
recB21. t h i - 1 . a rgE3. t h r - 1 Howard-Flanders, P. 
leuB6. proA2. hlsGrA.F". S t r ^ . 
uvrA6. t h i - 1 . a rgE3. t h r - 1 . Howard-Flanders, P. 
leuB6, proA2. hisG4, lacY1,FT 
Str l , A" 
lexA, t h i - 1 . t h r - 1 . leuB6. Howard-Flanders, P. 
proA2. h isG4, metB, lacYI.FT 
Stif, A^  
AB2A80 uvrA6. recA13, t h i - 1 . a r g £ 3 . Howard-Flanders, P, 
t h r - 1 . leuB6. proA2. hisGA, 
lacYJ .F~. S t i f , / 
AB1886 
AB2494 
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St ra in 
designation Relevant genetic markers Source 
BS39 
C600 
HB101 
JC8471 
JC9239 
JW165 
JW164 
re r . a rg . t h r - 1 . leu, pro . 
^ i s . F " , S t i f , A^ 
t h r . leu, t h l . l a c . X 
Srivastava, B.S. 
Thomas, R. 
pro , leu, t h l . lacY. end" M. Faelen 
recLl52. t h r - 1 . leuB6. proA2. Bachmann, B.J. 
hlsG4. argE3. t h l ~ 1 . lacY1. 
/ 
recFl43. t h r - 1 . leuB6. proA2. Bachmann, B.J, 
hlsG4. t h l - 1 . lacY1» A 
thYA36. rha -5 . malB45. 
lacZ53. Pf 
Bachmann, B.J. 
P0IAI. thyA36. rfaa-5. malB45. Bachmann, B.J, 
lacZ53. ;f 
E .co l i B s t r a i n s 
H/r30R 
H/r30 
NG30 
R15 
phr , uvr rec^ . arg 
phr. uvr'^rec'*'. arg 
phr. recA. arg 
phr^. r e s - l . arg 
Kato and Kendo 
Kato and Kondo 
Kato and Kondo 
Kato and Kondo 
Ames strains 
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de^^ation Relevant genetic markers Source 
TA97a 
TA98 
TA100 
TA102 
TA104 
uvrB. hlsD66lO. bio, rfa 
uvrB. hlsD3052. bio, rfa 
uvrB. hlsGA6. bio, rfa 
uvrB. hlsG428. bio, rfa 
uvrB. hlsG428. rfa 
Ames, B .N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
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Table 2. The s t r a i n s of lambda phage used in t h i s study 
are tabula ted as under. All s t r a i n s were obtained 
from Dr. R. Thomas. 
t e s t a t i o n Descript ion 
^c^ or A^  Wild-type s t r a i n . I t foims turbid plaques 
on a l l the E .co l i K-12 s t r a i n s described in 
Table 1, 
A red Recombination defect ive mutant. I t i s 
defect ive in Exonuclease V and ^ - p r o t e i n . 
I t i s a lso having a temperature sens i t ive cl 
mutation and does not form detectable plaques 
on polA mutant of E . c o l i K-12. 
Xbio1 Recombination de f i c i en t mutant ( i . e . red" gam"). 
does not mul t ip ly in recA mutant of E .col i K-12. 
Avir Virulent s t r a i n . I t contains an absolute 
defect ive mutation in t h e immunity region and, 
therefore , forms c l e a r plaques, 
AcI837 Conditionally defect ive £ l mutant. The s t r a in 
codes fo r a temperature sens i t ive immunity 
r ep res so r . Lyt ic cycle i s operat ive a t 4^C 
and lyso genie a t 32°C. 
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Methods 
Maintenance and growth of bac te r i a ; Each s t r a in of fl.coli 
was streaked on nu t r i en t agar p l a t e s . A single colony was 
picked up and repurif ied by s t reaking on agar p l a t e s . The 
cul ture was t e s t ed on the bas i s of associated genetic markers 
ra is ing i t from a s ingle colony from the master p l a t e . Having 
s a t i s f i e d with the t e s t clone t he cu l ture was ra ised and 
streaked on nu t r i en t agar s l a n t s . I t was then allowed to grow 
overnight a t 37°C and s tored a t 4°C. Every month cu l tu res were 
t rans fe r red on fresh s l a n t s . 
Overnight cul ture was ra ised in nu t r i en t broth a t 37°C. 
The cu l tu re was d i lu ted f i f t y times in fresh broth followed by 
shaking a t 37°C t i l l the c e l l densi ty reached to about 2 x 10® 
v iab le counts/ml. Such exponential cu l tu res were used in a l l 
the experiments. 
Preparation of phage stock; Stocks were prepared on p l a t e s 
by confluent l y s i s method. Phage lambda was obtained from i s o -
la ted plaques streaked on agar p l a t e s . Bacteria from exponen-
t i a l cu l ture were harvested and resuspended in Mg so lu t ion . 
0.3 ml of C600 c e l l s were infected with phage lambda. Adsoip-
t lon vrais allowed for 20 min a t 37°C and p la ted with 3.0 ml of 
molten TA7. P la tes were then incubated a t 37°C or 42°C ( in 
case of AcI857 phage) t i l l confluent l y s i s was v i s i b l e to naked 
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eyes. Soft agar containing lambda was scraped with the help 
of MgSO, so lu t ion . ^% chlorofonn was then added to i t and the 
agar was beaten by gentle vortexlng. Hiage lambda was obtained 
in the supernatant by centr ifugation of the l y s a t e . The phage 
stock thus obtained was stored over few drops of chlorofonn a t 
Construction of lysogen; The overnight grown c e l l s of AB1157 
were centrifuged and suspended in equal volume of Tr is Mg buffer 
(pH 8 . 0 ) . To 1 ml of c e l l suspension the phage AcI857 p a r t i c l e s 
in the r a t i o of 5:1 were added and allowed to adsorb for 20 min 
a t 32°C, These complexes were then t r ans fe r red to the boi l ing 
tubes containing s t e r i l e Luria broth and incubated a t 32 C t i l l 
the c e l l densi ty reached to 1-3x10 CFU/ml. This cu l tu re was 
then streaked on agar p l a t e s to get i so l a t ed co lon ies . Several 
b a c t e r i a l colonies were picked up and t e s t e d for prophage induc-
t i o n a t 42°C. The clones growing a t 32°C and undergoing l y s i s a t 
42°C were s tored. 
Media 
Minimal medium; The composition of the minimal medium was as 
under: 
Required amino acids 40 fxg/ml (each) 
K2HP0^.3H20 7.0 g/1 
KH^PO^ 3.0 g/1 
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(NH4)2S04 1.0 g/1 
MgS04.7H20 0.5 g/1 
Sodium c i t r a t e 0.5 g /1 
MnSO. 0.1 ml/1 of (1 mg/ml) 
Fe2(S04)^.H20 0.1 ml/1 of (1 mg/ml) 
Vitamin B^ 0.5 ml/1 of ( l mg/ml) 
* 
« 
» 
Glucose 100 ml /1 of (10?6 w/v)* 
* The quan t i t i e s in the parenthes is indica te the 
s t rength of the stock so lu t i on . Al l these stock 
so lu t ions were s t e r i l i z e d separa te ly a t 15 Ih / sq 
inch for 15 min and added a t the time of use . 
Nutr ient broth; Nutr ient bro th was obtained from Hi-Media 
(India) having following composition: 
Peptone 
NaCl 
Beef e x t r a c t 
Yeast e x t r a c t 
pH (approx.) 
Sof t aear: The comTx>sition of 
i s as under: 
Nutrient broth 
(Hi-Media) 
Agar agar 
(Hi-Media) 
5 g / l 
5 g / l 
1 .5g / l 
1 .5g / l 
7 . 4 + 0 . 2 
s o f t agar • 
13g / l 
7 g / l 
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Hard aRar: 
Nutrient bzx)th 
(Hi-Media) 
Agar agar 
(Hi-Media) 
Recovery mediiim: 
13g/l 
12g/l 
Casein hydrolysate 
Glucose 
Mg(CH,000), 
1 5 g / l 
9 g / l 
10 ml o f 0.5M in 1 l i t r e 
Media f o r Ames S t r a i n s ; 
Medium f o r master p l a t e s . The composition o f the medium for 
Ames t e s t e r s t r a i n s t o prepare master p l a t e s i s as under: 
S t e r i l e 50 x VB s a l t s 20 ml 
S t e r i l e agar 
S t e r i l e 4096 glucose 
S t e r i l e h i s t i d i n e . 
HCl.H2O 
( 2 g p e r 400 ml H^O) 
S t e r i l e 0 .5 mM b i o t i n 
S t e r i l e ampic i l l in 
s o l u t i o n 
(8 fflg/ffll 0.02H NaOH) 
S t e r i l e t e t r a c y c l i n e 
s o l u t i o n 
(8 mg/ml 0.02N HCl) 
15 g per 910 ml 
50 ml 
10 ml 
6 ml 
3 .15 ml 
0.25 ml 
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The above components were mixed wi th t h e molten agar 
t o p r e p a r e t h e p l a t e s . ** T e t r a c y c l i n e was added only f o r xise 
wi th TA102 which i s t e t r a c y c l i n e r e s i s t a n t . 
*Stock s o l u t i o n of VB s a l t s (IX) was p repared us ing t h e fo l low-
ing i n g r a d i e n t s , 
M^0^.7H20 0 .2 g /1 
C i t r i c a c i d monohydrate 2*0 g /1 
K2HP0^ (anhydrous) 10.0 g / 1 
NaHNH^P0^.AH20 3 . 4 g /1 
The s a l t s were added in t h e o r d e r i n d i c a t e d t o warm 
d i s t i l l e d w a t e r and each s a l t was al lowed t o d i s s o l v e comple te -
l y b e f o r e adding t h e n e x t . The s o l u t i o n was then au toc l aved 
f o r 20 min a t 121°C. 
Top a g a r f o r Ames t e s t i n g . The top a g a r con ta ined O.696 Difco 
a g a r and 0,59^ NaCl. 5 ml each of s t e r i l e so l t j t ions of 0 ,5 mM 
L - h i s t i d i n e and 0 .5 mM b i o t i n was added t o t h e molten aga r and 
mixed tho rough ly by s w i r l i n g . 
2 X Davis S a l t f o r P r e p a r a t i o n of ADNA from 3 7 / ^^1857 Lysogen; 
A. KH2P0^ 
K2HP0^.3H20 
Soditam c i t r a t e 
(NH^)2S0^ 
D i s t i l l e d wa te r 
2 . 0 g 
7 .0 g 
0 .6 g 
1.0 g 
500 ml 
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B. MgSO^ 0.1 g 
Distilled water 5 ml 
A and B were mixed together after autoclaving. 
Buffers 
T r i s Mg Buffer (0.Q1M); 
0.01M Tris(hydroxymethyl) 1.211 g /1 
methylamine 
0.01M M^0^.7H20 2.465 g /1 
Mg3O^.7Hj0 s o l u t i o n (0.01M): For a l l d i l u t i o n s except other-
wise s t a t e d , 0.01N MgSO. s o l u t i o n was used. 
Treatment buf fers ; 
1. 1M MgSO^ + 0.01M Tris buffer (pH, 8 .0 ) 
2 . 1M Mg^O^ + 596 NaCl + 0.01M T r i s b u f f e r (pH, 8 .0) 
3 . 10"^M MgSO^ + 0.01M T r i s bu f f e r (pH, 8 .0) 
4 . 1 0 " ^ M ^ ^ + 5% NaCl + O.OIM Tris buffer (pH, 8 . 0 ) 
5. 1 0 ' ^ Tr is buf fer (pH, 8 . 0 ) 
6 . 10"% MgSO^ + ^% NaCl + 0.01M Tris bviffer (pH, 8 .0 ) 
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Chenlca ls 
The fol lowing chaoQicals were used 
Chan ica l s 
Agar aga r 
Agarose 
Ample i l l i n 
Benzo - a -pyrene 
(^H ) -benzo-a-pyrene 
B i o t i n 
Blue d e x t r i n 
BND-cellulose 
Bovine p a n c r e a t i c DNase 
Bovine p a n c r e a t i c RNase 
Bovine serum albumin 
Calcixjm c h l o r i d e 
Calf thymus DNA 
Casein h y d r o l y s a t e 
Ch lo ramphenico 1 
Chlorofoim 
Source 
Hi-Media, Ind ia 
Sigma, USA 
Ranbaxy, Ind ia 
Koch-Light , England 
BARC, I n d i a 
N u t r i t i o n a l Biochemical 
Corpo ra t ion , USA 
BDH, I n d i a 
Sigma, USA 
Sigma, USA 
Sigma, USA 
Sigma, USA 
BDH, I n d i a 
Sigma, USA 
Oxoid LiBiited, London 
Ranbaxy, I n d i a 
BM, I n d i a 
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Diphenylamine 
Dlpotasslum phosphate 
Dithiothreitol 
EcoRI endonuclease 
Esstential amino acids 
Ethldlun bromide 
Ethylene dlaminetetra acetate 
BDH, India 
BDH, India 
Slsco Laboratories, 
India 
BRL, USA 
Centron Research 
L a b o r a t o r i e s , I n d i a 
CSIR Centre f o r 
Blochemlca l s , I n d i a 
BDH, I n d i a 
B thy l a l c o h o l BDR, I n d i a 
Fon&aldehyde 
Foimamlde 
S a r a b h a l , M. Chemicals , 
I n d i a 
£• Merck, I n d i a 
Freunds adjuvant Sigma, USA 
ELISA k i t 
Glucose 
Pharmacia Fine 
Chon lca l s , Sweden 
Bm, I n d i a 
H i n d i endonuclease 
Hydrochlor ic ac id 
CSIR, Centre f o r 
Blochemlca ls , I n d i a 
BDH, I n d i a 
Hydro 3{y a p a t i t e 
Lambda USA 
Lysozyme 
Methyla ted bovine serum 
albumin 
S lsco L a b o r a t o r i e s , 
I n d i a 
Sigma, USA 
Sigma, USA 
Sigma, USA 
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Magnesium acetate 
Magnesium chlor ide 
Magnesium sulphate 
Manganese sulphate 
^-Mercaptoethanol 
N a l i d i x i c ac id 
N u t r i a i t bzx>th 
Perchloric acid 
Phenol 
Plasmid DNA (pBR322/pUC8) 
POPOP 
Potassium cyanide 
Potassium dihydrogen 
o rthophosphate 
PPO 
Rifampicin 
Sephadex-GlOO 
Sodium ace ta te 
Soditjm ammonium phosphate 
BDH, India 
E. Merck, India 
BDH, India 
BDH, India 
Sigma, USA 
Sigoaa, USA 
Hi-Media, India 
E. Merck, Germany 
BDH, India 
Prepared in our 
laboratory 
Sigma, USA 
BDH, India 
BDH, India 
Sigma, USA 
IDPL, India 
Phannacia Fine 
Chemicals, Sweden 
BIH, India 
BKi, India 
Sodiiaa azide Hi-Media, India 
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Sodixnn chloride 
Sodium dodecyl sulphate 
Sodiun hydroxide 
Streptomycin 
Sul fur ic acid 
Tetracycl ine 
(''^C)-thymine 
Tr ich loroace t ic acid 
Tr i s HCl 
( ^ ) - u r i d i n e 
Vitamin B 1 
Sarabhai, M. Chemicals, 
India 
Sigma, USA 
BDH, India 
IDPL, India 
BDH, India 
IDFL, India 
BARC, India 
BDH, India 
Sigma, USA 
BARC, India 
BDH, India 
Note: The chemicals not included in this list 
were purchased from Glaxo, India. 
CHAPTER I I I : EFFECT OF NON PHYSIOLOGICAL IONIC STRENGTH 
ON BACTERIA 
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Introduction 
In jur i e s to bacter ia i n f l i c t e d by UV and ioniz ing 
radiat ions have been w e l l documented (Auerbach, 1967; 
Howard-Flanders, 1968; Witkin, 1976; Friedberg, 1985). 
These radiat ions are not found in the nature a t a value 
high enough to cause a hazard to the l i v i n g organisms and 
thus there i s an speculat ion that the ex i s t ing repair 
system may play an a c t i v e ro l e i n the repair of l e s i o n s 
induced by non p h y s i o l o g i c a l environmental condit ions 
(Bridges j t a l , , 1969) . Various environmental factors 
such as water a c t i v i t y (TroUer , 1971), NaCl concentration 
(McLean et a l * , 196a; Sato et a l . , 1972), growth medium 
(Kato ^ a l . , 1966), temperature (Bridges ^ a l . , 1969; 
Ahmad _et a l . , 1978) and pH (Paterson _et a l . , 196A; 
Musarrat and Ahmad, 1987) are known to inf luence the growth 
and v i a b i l i t y of b a c t e r i a . The s a l t induced damages have 
been c h a r a c t e r i z e d as i n j u r y to c e l l wa l l , c e l l membrane, 
enzymes and r i bo somes (McCarthy, 1962; S c h e r r e r and Gerhard t , 
1973) . Moreover, t h e l o s s in t h e colony forming a b i l i t y 
with the concomitant r e l e a s e of Mg^^ ion as a r e s u l t of incu-
bat ion in Tris buffer containing NaCl i s a lso we l l documacited 
(Sato et a l . , 1972). 
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The work embodied in t h i s chapter was therefore , 
planned to estimate the extent of the injury produced by 
low and high ionic s t rength conditions with varying Mg 
ion concentrat ion, to work out the condition for recovery 
of injured c e l l s and to ident i fy the genes involved in 
t h i s system. An a t t anp t was also made to co r re la t e with 
the r ad ia t ion r epa i r sys tan . 
Materials and Methods 
Bacter ia , media and buffers are l i s t e d in chapter I I . 
Most p a r t of the work except the siirvival was carr ied out 
for high ionic s t rength t rea tment . Survival p a t t e r n s , how-
ever, have been studied under both low as well as h i ^ ionic 
s t rength condi t ions . Except otherwise s t a t e d , the c e l l s 
were t r e a t e d for 6 h . Al l the treatment buffers were 
freshly prepared. For mutagenicity t e s t i n g using Ames t e s -
t e r s t r a i n s , the media were prepared according to the proce-
dure of Maron and Ames (1983). 
Non physiological ionic s t rength exposiore to bac te r i a ; Bac-
t e r i a harvested from e^gponentially growing cvilture (1-3x10® 
v iab le un i t s ml ) were suspended d i r e c t l y in normal (pH 8.0) 
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o r treatment buffers of varying ionic s trength (chapter I I ) 
and were then incubated a t 37°C. Samples were withdrawn a t 
regular i n t e r v a l s , su i tab ly d i lu ted and plated to assay the 
colony folining a b i l i t y . 
Post treatment incubation: Treated and untreated b a c t e r i a l 
suspensions were d i lu ted ten fold in recovery medium 
(chapter I I ) and shaken for 60 min a t 37°C. During the incu-
bat ion per iod, samples were taken out , d i lu ted and p l a t e d . 
Tufhere s t a t ed chloramphenicol (100 yig ml ) , rifampicin 
(10 )ig ml ) and n a l i d i x i c acid (50 pg ml ) were also supple-
mented to the recovery medium. Chloramphenicol, r ifampicin 
and n a l i d i x i c acid a t these concentrations did not af fec t the 
v i a b i l i t y of untreated b a c t e r i a . 
Exposure to u l t r a v i o l e t r ad ia t ions : The wild-type AB1157 
s t r a i n was exposed to high ionic s trength for 4 h . A por -
t ion of t r ea ted c e l l s was exposed to UV and the r e s t was dilu-
ted ten fold in recovery medium, followed by incubation for 
1 h a t 37°C. Untreated and t r ea t ed c e l l s as well as the 
t r e a t « i c e l l s a f t e r l iqu id holding in the recovery medium 
were p l a t ed on n u t r i a i t agar . The p l a t e s were exposed t o UV 
(254 nm) for 30 and 60 sec to deteimine UV s e n s i t i v i t y and 
incubated 0/N a t 37°C. Photo reac t iva t ion was avoided. 
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HIS induced mutagenesis: Treated and untreated bac te r ia were 
p la ted on nu t r i en t agar containing ampici l l in (100 yg ml ) o r 
rifampicin (25 yig ml" ) . Valine res i s tance and reversion to 
h i s t i d i n e protrophy were determined on minimal agar p l a t e s , 
using va l ine and h i s t i d i n e a t concentrations of 40 yig nil and 
5 )ig ml , respect ive ly , 
Ames t e s t i n g ; A se t of h i s t i d i n e requir ing s t r a i n s of 
Salmonella typhimurium was onployed fo r mutagenicity t e s t i n g , 
P l a t e incorporat ion method of Maron and Ames (1983) was followed. 
DNA a lka l ine unwinding assay; The method of Kanter and 
Schwartz (1979) was e s s e n t i a l l y followed to analyse the fonaation 
of s ing le s t rand breaks in MJA of E .co l i c e l l s following HIS 
treatanent for 6 h and subsequent xjpon l iqu id holding for 1 h in 
the recovery medium. 
Results 
Survival of E .co l i s t r a i n s on treatment with varying ionic strength: 
1, 1M MgSO^ t r^ i tment buffer . The survival of d i f ferent mutants 
of S , co l l K-12 i s givffli in F i g . 1 , All rad iosens i t ive mutants 
Invar iably exhibited a s ign i f i can t dec l ine in t h e i r colony forming 
a b i l i t y as compared to t h e i r wi ld- type covinterparts. UvrArecA 
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mutant was the most s ens i t ive followed by recA, lexA. recB. r e r 
increasing 
and uvrA mutants in order o f / v i a b i l i t y of the c e l l s . UvrP and 
recF were as r e s i s t a n t as t h e i r parent wild-type s t r a in s (data 
not shown). Pol A" mutant was also s l i g h t l y sens i t ive in compa-
r ison with i t s isogenic polA s t r a i n . 
2 . 1M MgSO^ + 596 NaCl treatment buffer. F ig . 2 depicts the 
pa t t e rn of the survival under t h i s condi t ion . The damage i n f l i c -
t ed in the c e l l in t h i s part icular(HIS) condit ion was more p ro -
nounced as compared to t h a t obtained with 1M Mg exposure. The 
double mutant, uvrArecA was again foxmd to be more sens i t ive as 
compared to the o the r radiomutants. The o rder of s e n s i t i v i t y was: 
lexA > recA > uvrA > recB > r e r mutants . PolA* mutant xmder t h i s 
condi t ion showed a h i ^ e r s e n s i t i v i t y as compared to i t s wild-type, 
polA s t r a i n . The mutants uvrP and recF were as r e s i s t a n t as 
t h e i r wild-type s t r a i n s (data not shown), 
3 . 10~T(i MgSO^ + 5% NaCl treatment buffer . The survival under 
t h i s condition i s shown in F ig . 3 . As described above, uvrArecA 
double mutant was the most s ens i t ive and the order of mutants 
showing s e n s i t i v i t y was lexA > recA y r e r s recB ^ uvrA. The mutants 
uviO and recF were also found as r e s i s t a n t as t h e i r wild-type 
parents (data not shown). The {X)1A~ mutant showed a s igni f icant 
decl ine in i t s colony fonning sibi l i ty (CFU) as compared to polA"*" 
s t r a i n . 
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4. 10~^ M MgSO- + 5% NaCl treatment buffer . Fig. 4 shows the 
survival pa t t e rns of the s t r a i n s used for s tudy. The double 
mutant, uvrArecA again was the most s ens i t ive followed by recA. 
lexA. r e r . recB and uvrA mutants , Pol A" exhibited more loss in 
CFU as compared to polA'*'strain. The mutants , uvrO and recF 
were found to be as r e s i s t a n t as t h e i r wild-type s t r a in s (data 
not shown). 
5, 10"^M JfeSO- ; D i s t i l l e d water. The bac te r ia were t r ea t ed 
separately in IO'-'M MgSO^ and d i s t i l l e d water for 6 h . There 
was no s ign i f ican t damage in the surviva l of the bac t e r i a l 
s t r a i n s (data not shown). 
Photo reac t iva t ion . The sxirvival of d i f ferent photo react ivat ion 
mutants of E .co l i B was inves t iga ted under high ionic s t rength 
(HIS) 1M MgSO- +59i NaCl) condi t ion . The percent surv iva l values 
are depicted in Fig. 5. The survival of phr~ mutant shows i t s 
s e n s i t i v i t y towards the HIS treatment since the pa t te rn of sur -
vival of phr c e l l s in dark or phr" c e l l s in presence of l i gh t 
was observed to be almost s imi l a r . However, the colony fonning 
a b i l i t y of recA mxrtant was agedJi foxmd to be s ign i f i can t ly dimi-
nished as compared to i t s wild-type s t r a i n . The survival of the 
double mutant, p h r ' r e c " was found to be declined more than the 
recA mutant. 
Recovery of HIS t r e a t e d c e l l s ; Various radiosens i t ive mutants 
were held in the recovery medium for 1 h subsequent upon the 
exposure to HIS treatment for 4 h (Table 1 ) . Wild-type (AB1157) 
s t r a in recovered s ign i f i can t ly on 60 min incubation in the growth 
supporting medium. Moreover, chloramphenicol (100 \ig ml ) in 
recovery medium did not affect the recovery of t r ea ted wild-type 
s t r a i n . However, rifampicin a t i t s suble thal doses reduced the 
CFU of t r e a t e d c e l l s to a remarkable extent . Nalidixic acid 
(50 v»g ml" ' ) in the recovery medium also ful ly abolished the 
recovery of HIS t r ea t ed c e l l s . These drugs a t the given concen-
t r a t i o n s did not a f fec t the colony forming a b i l i t y of untreated 
c e l l s . 
The mutants, recA, uvrA, lexA and r e r were also studied 
for t h e i r recovery in t he recovery medium which resul ted in the 
enhanced survival of the wild-type s t r a i n . All mutants except 
the recA. exhibi ted a s ign i f i can t increase in the CFU a f t e r pos t -
treatment incubation in the growth supporting medium. RecA 
mutant did not regain i t s colony forming a b i l i t y on the nu t r i en t 
agar p l a t e s as a r e su l t of l iquid holding in the recovery medium. 
The recovery of these mutants^however, was comparatively l e s s than 
the wild- type s t r a i n (Table 1 ) . 
UY s e n s i t i v i t y of HIS t r e a t e d AB1157 c e l l s : Fig. 6 shows the 
UV surv iva l of t r e a t e d , xmtreated and t r e a t e d c e l l s held in recove-
ry medium. Chloramphenicol and na l id ix i c acid were also simple-
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merited in the recovery medixjm a t t h e i r sublethal concentrations 
to detexmine t h e i r effect on the recovery process. HIS t r ea ted 
c e l l s became more sens i t ive to UV radia t ion as compared to the 
untreated con t ro l . Moreover, l iqu id holding in the recovery 
medium brought about the normal res i s tance to UV. Addition of 
chloramphenicol in the recovery medium again did not affect the 
UV surv iva l . On the contrary, na l i d ix i c acid in the recovery 
medium s ign i f i can t ly reduced the UV res is tance of the HIS t rea ted 
c e l l s . 
HIS induced mutagenesis; HIS induced mutagenesis was studied 
se lec t ing for res i s tance to ampic i l l in , rifampicin and val ine 
colonies as well as for reversion of h i s " to h i s * prototrophy. 
The esgperimental doses of the a n t i b i o t i c s and val ine were l e t h a l 
under normal condi t ions . The r e s u l t s are shown in Table 2 . The 
mutants, lexA and recA completely l o s t the capacity of mutation 
of t e s t markers. The wild-type and uvrA s t r a i n s , however, ejdii-
b i t e d a s ign i f i can t increase in the mutation frequency a f t e r 4 h 
of HIS treatment . Furthermore, the recovered wild-type and uvrA 
s t r a i n s exhibited a lower frequency of mutation as compared to 
t h e i r unrecovered counte rpar t s . RecA and lexA mutants always 
re ta ined the backgrouid l eve l regardless of the t rea tmai t and 
pos t treatment l i qu id holding condit ions (Table 3 ) . 
HIS induced reversion of Ames t e s t e r s t r a i n s ; Table 4 
incorporates the n\anber of h i s t i d i n e rever tan t s a t various 
times of t rea tment . The number of rever tan t s scored per p l a t e 
for TA97a was fotmd to be maximum. Whereas, HIS treatment to 
TA98 and TA100 did not seem to impart any appreciable amount of 
effect on the mutation frequency. TA104^however, did exhibi t 
a s l i gh t increase in the number of rever tan t s (Table k), 
DNA a lka l ine unwinding assay: Chromosomal MIA was i so l a t ed 
as described In chapter I I for analysing HIS induced s ing le 
stranded CNA foiraation. A h i ^ degree of s ingle strandedness 
in the DNA was observed as a r e s u l t of HIS trealanent to £ . c o l i 
c e l l s as compared to untreated cont ro l (Table 5 ) . 
Discussion 
Costilow (1981) has shown the l e t h a l ef fec ts of high 
ionic s t rength in ce r ta in microorganisms. Moreover, the loss 
in the colony forming a b i l i t y with the concomitant re lease of 
Mg ions in E .co l i c e l l s has also been shown following incuba-
t i on in Tr i s bxxffer containing so d i m chlor ide (Sato e t a l . , 
1972). Genetic regulat ion imder the non physiological condi-
t i o n s i s yet to be es tab l i shed . However, Bridges e t aX, (1969) 
demonstrated t h a t mutations in ce r t a in l o c i which render E .co l i 
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sens i t ive to radia t ion also enhanced i t s s ens i t i v i t y to heat . 
Ahmad e t a l . (1978) reported the involvement of recA, lexA 
and polA genes in the recovery of mildly heated E.col i c e l l s . 
We invar iably observed a s ign i f ican t decrease in the survival 
in case of rad ia t ion sens i t ive mutants, recA, polA. r e s , r e r , 
lexA and phr as compared to wild-type E.col i K-12 and 
E .co l i B s t r a i n s suggesting thereby, the probable role of 
these rad ia t ion r epa i r genes in the r epa i r of les ions induced 
as a r e s u l t of exposure to non physiological ionic strength 
(F igs , 1-5). The involvement of these genes i s well documented 
i n the repa i r of UV and ionizing rad ia t ions induced damage 
(Auerbach, 1967; Witkin, 1976; Sr ivas tava , 1976, 1978). Various 
minor r e p a i r pathways have been suggested involving uvrD, recF and 
recL genes (Smimov and Abdxikhalykova 1976; Rothman, 1978; 
S iege l and Race, 1981). But in oxir system these pathways did 
not seem to play an ac t ive ro le (data not shown). 
With regard to the damaging ef fec ts of various ionic 
s trength t rea tments , i t seems t h a t 1M MgSO, treatment i s com-
parable to 10"^M MgSO^  + 5% NaCl, and 1M MgSO^  + 556 NaCl i s com-
parable to 10 -^M MgSO^ + 596 NaCl which suggests tha t low ionic 
s t r a i g t h of Mg"*"*" during the h i ^ ionic s t rength treatment 
renders t he £«col i more suscept ib le to ionic s t r a i g t h treatment. 
However, t he r e was no effect of the low Mg"*"* ion (lO'^M) alone 
when the c e l l s were not sens i t i zed with the s a l t . This prot»bly 
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mig^t be due to the penneabil izat ion effect of high s a l t on 
the c e l l s . I n t e r e s t i n g l y , the radiat ion repai r genes seem 
to play an important ix)le to a l l e v i a t e the damages caused by 
non physiological ionic strength i r respec t ive of the nature of 
t r ea tments . Their individual contr ibution was apparently 
s imi l a r to a la rge extent . The double mutant, uvrArecA was 
always found to be the most sens i t ive s t r a i n followed by recA, 
lexA. r e r and recB mutants . The uvrA mutant was l e a s t suscep-
t i b l e to the non physiological ionic s trength t reatment . The 
polA mutant exhibited a renarkably higjh s e n s i t i v i t y towards 
the more damaging treatments ( i . e . 1 0 ~ ^ MgSO^ + 5% NaCl and 
1M M£^0^ -f 3% NaCl) and was foijnd to be the most sens i t ive 
s t r a i n . In the l e s s damaging treatment condi t ions, i t was 
l e s s s ens i t i ve than the double mutant. The phr mutant of 
E .co l i B was s l i ^ t l y sens i t ive to the non physiological ionic 
s t r a i g t h t reatment , But^ contr ibut ion of the phr gene seems to 
be only marginal . 
The role of radiat ion repa i r genes in the case of mild 
heat and mild a l k a l i has e a r l i e r been reported by Ahmad and 
h i s colleagues (Ahmad et a l . , 1978; Ahmad and Sr ivas tava, 1980; 
Ihisarrat and Afaaad, 1967). Our r e su l t s on the non physiological 
i on i c s t rength treatment to S .co l i also suggest t h e i r s i g n i f i -
cant contr ibut ion for the r epa i r of in;Juries thus caxosed. 
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Further extension of the work was done with 1M MgSO^ + 
556 NaCl treatment condition because of i t s moderate damaging 
e f f ec t . This condition in the t h e s i s has been a r t i t r a r i l y 
referred to as 'HIS* t reatment . Survival of S .co l i c e l l s 
a f t e r 4 h treatment with 1M MgSO^ + 5% NaCl was found to be 
enhanced s ign i f i can t ly when incubated in the growth supporting 
casein hydrolysate (Table 1 ) . This recovery in the v i a b i l i t y 
of the t r ea t ed c e l l s did not occur in the n u t r i e n t broth and 
severa l o the r non growth si^jporting media (data not shown). 
However, the c e l l s could not regain t h e i r i n i t i a l v i a b i l i t y 
(100%) even a f t e r l iquid holding of the t r e a t e d c e l l s in the 
recovery medium. No such recovery was observed in recA mutant 
suggesting the role of t h i s gene in the recovery process . 
Roberts and Aldous (1949) and Ganesan and Smith (1968) f i r s t 
reported the l iquid holding recovery of UV i r r ad i a t ed fi.coli 
in r ich and minimal media r e spec t ive ly . Moreover, the recA 
and lexA genes have beai shown to play an ac t ive p a r t during 
t h e ' l i q u i d holding in growth supporting medium in V-rays 
damaged S .col i c e l l s (Town et a l . , 1972). This recoveiy should 
have not been due to the mul t ip l i ca t ion of t r ea ted c e l l s because 
the chloramphenicol, an i n h i b i t o r , of p ro t e in biosynthesis did 
not affect the recovery p rocess . Moreover, the fold recovery 
was obviously miich h i ^ e r (6 times) than the r a t e of mul t ip l i ca -
t i on of xmtreated c e l l s . However, r i f aap ic in and na l i d ix i c 
ac id remarkably inh ib i ted the recovery p rocess . This inh ib i t ion 
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by metabolic i nh ib i to r s suggested the requirement of de novo 
HNA and WA b iosyntheses . The recovery of the v i a b i l i t y of 
the c e l l s heated a t 52°C was considerably inh ib i ted by 
rifampicin and chloramphenicol (hukherjee and Bhattacharjee, 
1970; Ahma(*mal . , 1978>*. 
Repair of ce r ta in HIS les ions occurred during l iqu id 
holding in the growth supporting medium but not on the agar 
p l a t e s . We suggest t h a t ce r ta in les ions in the macromolecules 
and membrane are repaired in the l iqu id medium but inh ib i ted 
on agar p l a t e s . Similar r e s u l t s were reported by Roberts and 
Aldous (1949) with UV i r r ad i a t ed and Ahmad e t a l . (1978) with 
heat injured E .co l i c e l l s . They a t t r i b u t e d t h i s effect to a 
t y p i c a l diffusion which was not poss ible on the so l id medixom. 
In addit ion to the above, we bel ieve t h a t excess amount of 
n u t r i e n t s provide a r e l a t i v e l y h i ^ ionic s t rength, compared 
to the normal growth medium^which might perhaps prevent the 
t r ea t ed c e l l s from immediate osmotic shock exerted by the 
nu t r i en t bro th . 
The HIS t r ea t ed c e l l s showed enhanced UV s e n s i t i v i t y as 
compared to the untreated con t ro l . The HIS t r ea t ed c e l l s 
regain t h e normal UV res i s tance during the l i qu id holding in 
the recovery aediijm regardless of the presence o r absaace of 
chloramphenicol. The p laus ib le explanation for the high UV 
s a i s i t i v i t y of HIS t r e a t e d c e l l s could be the addi t ive o r 
syne rg i s t i c effect of HIS and UV t r e a t m a i t s . This m i ^ t also 
be a t t r i b u t e d to the fac t tha t both the treatments damage the 
- 60 -
common target. Low survival of certain DNA repair defective 
mutants voider the HIS treatment conditions is indicative of 
the fact that the damage is primarily at the level of DNA 
rather than other macromolecules. This idea gains further 
support in view of the requirement of recA gene product for 
the liquid holding recovery, 
HIS treatment to bacteria seams to have enhanced the 
mutagenesis (Tables 2,3). Mutation frequaicy of the treated 
w.t. and uvrA cells decreases to an appreciable extent on 
incubation in recovery medixjm suggesting that some of the 
mutagenic lesions were repaired during recovery process. Such 
kinds of reparable lesions were referred to as a potentially 
lethal damage (Koukalova and Reich, 1981). Contrary to uvrA 
mutant, recA and lexA did neither exhibit any increase in the 
mutation frequency during HIS treatment nor was there any re-
duction in the mutation frequency after liquid holding. This 
suggests that recA and the lex genes are involved in the 
induction of mutagenic lesions in DNA inflicted by HIS injury. 
These genes are well known to initiate the error prone repair 
systan and thus enhance the mutation process in SOS repair 
(RadMOi, 1975; Witkin, 1976; Walker, 1985). We have also 
tested "ttie validity of our findings using Ames' tester strains 
(Table 4), The strain TA97a and to some extent TA104 also 
exhibited the highest nt^aber of revertants on minimal agar 
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p l a t e s . TA97a i s a frame sh i f t addi t ion mutant containing 
a cytosine r ich s i t e of mutation >fhile the TA104 harbours a 
multicopy plasmid^pKMI 01 which enhances the SOS repai r , A 
high level of mutagenesis with TA97a mutant c lear ly suggests 
the involvement of GC r ich region in the HIS induced damage. 
Ames t e s t i n g fur ther supports the idea of HIS induced muta-
genesis in bac te r i a . 
With regard to the p o t a i t i a l l y l e t h a l and mutagenic 
les ions xmder the in vivo condi t ions , we suggest t ha t s ingle 
s t rand breaks serve t h i s purpose. These breaks could be fonned 
by the action of ce l l iHar nucleases on the HIS damaged DNA 
since these breaks were not observed under the in v i t ro 
condit ions (chapter V). A large f rac t ion of induced ssb 
have undergone r epa i r during the l iqu id holding in the recovery 
medlxm. Involvemait of recA for t h i s type of recovery fur ther 
si;5)ports the idea t ha t UNA repa i r a lso occurs during the post 
treatment l iqu id holding. 
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Table 2 . HIS induced mutagenesis 
Mutation frequency 
Time o f . r o-xJC u, + ^r^i^ 
incubation ^mp Rif^ His Val 
(h) (100 vig ml"^) (25 lig ml) ( 0 . 5 yg ml'^) (40 vig ml~^) 
0 1,4x10"^ 4.5x10"® 1.6x10"^ 3.6x10"® 
6 ^ 9.6x10"^ 1.7x10"^ 1.6x10"® 6.0x10"'^ 
Amp - AmpiciUin r e s i s t a n c e 
His - H i s t i d i n e prototrophy 
Rif - Elifampicin r e s i s t a n c e 
Val - Val ine r e s i s t a n c e 
Table 3 . HIS induced a m p i c i l l i n r e s i s t a n c e i n fi.coli before 
and a f t e r l i q u i d ho ld ing i n t h e recovery mediiim 
S t r a i n s 
Mutat ion frequency x 10 
Un t r ea t ed 
c o n t r o l 
T rea t ed c e l l s T rea ted c e l l s 
p r i o r to l i q u i d a f t e r 60 min 
ho ld ing l i q u i d hold ing 
wi ld- type 1.3 9 .2 2.4 
recA 1.0 1.1 1.0 
lexA 1.2 1.1 0 .9 
uvrA 1.3 9 .2 3.1 
Table 4. HIS induced reversion of Ames' tester strains 
Strains S9 fraction 
Number of 
spontaneous 
revertants 
per plate 
Number of induced 
revertants per 
plate 
TA97a 
TA98 
TA100 
TA104 
37 
48 
73 
129 
129 
50 
82 
229 
Table 3. DNA alkaline unwinding assay 
E35)erimental Percent s ingle strandedness In DNA 
treatment HIS trealanait Untreated control 
condit ion 
i n vivo 75 33 
in Vitro 21 20 
CHAFTSR IV : SDRVIVAL OF BACT£RIOFHAGE LAMBDA £XPOS£D 
TO HON PHYSIOLOGICAL IONIC STREKGTH 
- 62 -
Introduction 
Escherichia c o l i responds to DNA damage with the 
e3g)ression o f a s e t of funct ions xjsually termed as SOS r e s -
ponse. This includes the induction of a trans i tory mutagenic 
DNA repair system, the a c t i v a t i o n of inducihle prophage and 
of severa l other functions involved i n c e l l d i v i s i o n and DNA 
metabolism (Radman, 197A; Witkin, 1976) . Induction of 'SOS* 
funct ions occurs on treatment with the hazardous agents such as 
UV radiat ions and Y-rays (Vi tk in , 1976; Bres ler e t a l . , 1978). 
With regard to the damaging e f f e c t o f non p h y s i o l o g i c a l 
cond i t ions , Ahmad and Sr ivastava (1980) reported that repair 
t o mi ld ly heated (52 C) i n t r a c e l l u l a r phage lambda requires the 
same radiat ion repair machinery \ ^ i c h i s involved in the radia-
t i o n damage. Moreover, i t i s already a w e l l known fact that 
exposure t o non phys io log i ca l pH, i o n i c environment and tanpe-
rature s i g n i f i c a n t l y a f f e c t the s t a b i l i t y of v i r u s e s (Gard and 
Maaloe, 1959; P o l l a r d and So losko , 1971). The i n v i t r o s t u d i e s 
on lambda DNA revea l ed t h e i n c r e a s e in t h e p i t c h of DNA duplex 
with increas ing ion ic s trength (Bode, 1968) . However, no 
ser ious at tenpt has been made to i d e n t i f y the damages induced 
in DNA and t h e i r repair as a r e s u l t of non p h y s i o l o g i c a l i o n i c 
straigth. 
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The work included in t h i s chapter was i n i t i a t e d with 
a view to understand the nature of the lesions induced in DNA 
as a r e s u l t of h i ^ ionic s t rength t reatment . Our contention 
was t h a t bacteriophage lambda m i ^ t serve as a convenient 
model for t h i s purpose because even a s l i g h t change in the DNA 
could be re f lec ted in i t s plaque forming capaci ty . 
Materials and Methods 
The s t r a i n s of lambda phage used in t h i s study were Xc , 
>£l857, Xred. Abio1 and Avir . Repair p rof ic ien t s t r a i n of 
E . co l i K-12 CAB1157) was lysogenised with >^857 in our labora-
t o r y . The relevant genetic markers associated with each 
E .co l i and lambda s t r a i n are given in chapter I I . 
Bac te r i a l cu l tures were raised in nu t r i en t broth obta in-
ed from Hi-Media ( Ind ia ) . Treatment buffers given in the 
chapter I I were employed for the present work, while 0,01M 
Tr is Mg solut ion at pH 8.0 was used as d i lu t ion buffer and to 
riin the untreated con t ro l . iJxcept the experiments for the sur-
v i v a l of bacteriophages, a l l the s tudies were car r ied out under 
the high ionic s t r e n ^ h treatment condi t ions . 
Ex t r ace l lu l a r non physiological ionic s t rength treatment; Riage 
lambda stock was pur i f ied according to the method of Ahmad et a l . 
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(1977). Purif ied phage lamMa (10® PFU/ml) was incubated 
a t 37°C in the treatment buffers of 2^l, 10"^ M as well as 
1 0 " \ Mg*"^  + 5% NaCl buffer and 10"^M MgSO .^ Aliquots of 
0.1 ml were withdrawn a t regular i n t e r v a l s , sui tably d i lu ted 
in normal buffer of pH 8.0 and allowed to adsorb on radia t ion 
sens i t i ve and wild-type host s t r a i n s a t 37 C. The infect ive 
centres were p la ted on nu t r i en t agar by the double layer 
method. Plaques were counted a f t e r overnight incubation of 
the p l a t e s a t 37°C except for AcI857 which was incubated a t 
42°C. 
I n t r a c e l l u l a r non physiological ionic s t rength treatment; 
Bacteria were harvested from e35)onential cu l tu re and suspen-
ded in MgSO^ d i l u t i o n buffer . Infec t ive centres were p r e -
pared by adsorbing lambda p a r t i c l e s a t high mu l t i p l i c i t y of 
infec t ion (5:1) to bac te r ia (2x10 c e l l s / m l ) . The complexes 
were then t rea ted with the buffers of various ionic s t rengths 
(chapter I I ) a t 37 C. Aliquots were withdrawn a t regular 
i n t e r v a l s , sui tably d i lu ted and plated with 0.3 ml of CoOG 
c e l l s along with the soft agar by double layer method. Plaque 
forming \mits (PFU) were counted a f t e r 0/N incubation of 
p l a t e s a t 37°C. 
Liquid holding recovery; Phage ;\c'*" t r ea t ed i n t r a c e l l u l a r -
l y , was subjected to l iquid holding recovery. The t rea ted 
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complexes were d i lu ted ten fold in the recovery medium 
(chapter I I ) and Incubated a t 37°C for 2 h . Samples were 
taken out a t regular in te rva ls to assay PFU. 
HIS induced c mutations of Xc"^  ; >vc was t rea ted with 
the high ionic strength as free p a r t i c l e s and i n t r a c e l l u -
l a r l y fo r studying HIS mutagenesis in wild-type, lexA, recA 
and uvrA s t r a i n s . The £ mutants were scored according to 
the methods of Defais e t a l . (1971). 
Weigle mutagenesis; Exponentially grown AB1157 and Xc 
were separate ly t rea ted with HIS for 5 h a t 37°C and the 
in fec t ive centres were prepared a t low mul t i p l i c i t y of 
in fec t ion , Unadsorbed phage p a r t i c l e s were removed by cen-
t r i f u g a t i o n . The untreated controls were also run simul-
taneously, £ mutants were scored on nu t r i en t agar p la t e s 
a f t e r 24 h incubation. 
Prophage induction; exponentially grown lysogen 
AcI857/A31l57 ( l - 4 x l 0 ce l l s /ml) was centrifuged, suspended 
in the HIS buffer and incubated a t 32°C for 3 h . The ce l l s 
were again centrifuged and resuspended in nu t r i en t broth 
with or without chloramphenicol (100 ]ig ml"'') and incubated 
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for 3 h a t 32°C. Aliquots were taken out a t regular 
i n t e r v a l s , su i tab ly d i lu ted and plated with C600 c e l l s . 
The plaques were scored a f t e r O/N incubation of p la tes a t 
42°C. Untreated controls were also run simultaneously. 
Results 
Survival of lambda on extracellular non physiological ionic 
strength trealanent; Extracellular exposure of A^ to 
both high and low ionic strength treatments had no effect 
on plaque forming ability. Similar results were also 
obtained with Avir, Xbio1 and Xred. Because there was no 
effect of non physiological ionic strength on lambda, the 
data are not shown. 
Survival of on intracellular ionic strength treatnient; 
1. 1M MgSO^ treatment. Intracellular treatment to lambda 
phage xmder this condition resulted in the loss of PFU (Fig.l). 
There was more decline in PFU in "Xc^ complexes with uvrArecA, 
recB. rer, recA. uvrA and lexA mutants compared with the wild-
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type s t r a i n . Moreover, the complexes prepared with A red and 
Abio1 were found to be r e l a t ive ly more sens i t ive as compared 
to those with the A^ "*" s t r a i n (Fig. 5a) . Abio1 complexes with 
w. t , s t r a i n were considerably more sens i t ive as compared with 
A£"*" - recA complexes (Figs. 1,5a) but the effect of red mutation 
in lambda was quant i ta t ive ly equal to tha t of rec mutation in 
fi.coli. A£* - polA" complexes also exhibited damaging effect due 
to t h i s treatment as compared to t h e i r isogenic counterparts 
(Fig . 1 ) . 
2 . 1M MgSO^ + 5?6 NaCl (HIS) treatment. The survival of A£"*" 
phage exhibi ted a marked decline uader t h i s condition of t r e a t -
ment. The loss in PFU was more pronounced with Ac^ -uvrArecA 
complexes followed by the complexes with recA, uvrA, r e r , lexA 
and recB in order of decreasing s e n s i t i v i t y (Fig . 2 ) . The 
r e l a t i v e s e n s i t i v i t y of Xc^, A red and Abio1 complexes with wild-
type E .co l i s t r a i n i s shown in F ig . 5b. Both the mutants were 
more HIS sens i t ive as compared to the wild-type A^^ s t r a i n . 
Furthermore, the survival of Ac^ - polA complexes was also fovmd 
to be s ign i f i can t ly low as compared to tha t of /Ac"*" - polA"*" 
complexes (Fig, 2 ) . 
3 . 10"^M MgSO^ + 5% NaCl treatment. The survival of phage 
lambda in various radia t ion sens i t ive mutants i s given in F ig , 3 . 
Plaque forming a b i l i t y of A^^- uvrArecA complexes was found to be 
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reduced significantly as compared to the complexes obtained 
with recB, rer, recA, uvrA and lexA strains. The A red- w.t. 
andAbiol -w,t. complexes exhibited a high degree of sensiti-
vity towards the HIS treatment as compared to the complexes 
prepared with the A£'*" strain (Fig. 5c). Ac"*"- polA"^  was again 
foiaid to be exhibiting significantly high tolerance towards 
the said treatment compared to complexes with the polA strain 
(Fig. 3). 
4. 10"^M MgSO^ + 5% NaCl treatment. A significant reduction 
in the PFU was found under this particular condition of treat-
ment (Fig, 4). A^ "*"- uvrArecA complexes again exhibited a re-
markable decline in PFU followed by recA, recB, uvrA, rer and 
lexA lambda complexes. The complexes of A^ with polA were 
significantly sensitive to the treatment as compared to AC -
polA"*" (Fig. 4). The A red and Abio1 complexes exhibited the same 
pattern of survival as found with other treatments (Fig. 5d). 
The complexes of A^' with recF and uvrD mutants did not 
show any remarkable change in survival as compared to those with 
the isogenic wild-type counterparts (data not shown). 
Liquid holding recovery; The lambda complexes with w.t,, 
recA, uvrA. lexA strains were exposed to HIS condition for 4 h 
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for t h i s purpose. Treated complexes did not exhibit any 
increase in the PFU on l iquid holding in the recovery medium 
upto 50 min (data not shovm). 
HIS induced mutagenesis; The resu l t s on the £ mutation in 
lambda are incorporated in Table 1. HIS treatment for 6 h to 
the phage A£"*" did not r e s u l t in the induction of c l ea r plaque 
mutation. However, the mutation frequency for t h i s t e s t 
marker was found to be s l i gh ly increased when the untreated 
^ was propagated in the HIS t r ea ted host bacterixim. The 
mutagenic effect of HIS treatment was even more pronovmced when 
the lambda as well as E .co l i host were separately exposed to 
t he HIS condition (Table 1 ) . Mutagenic p o t e n t i a l of HIS 
treatment was also inves t iga ted in various complexes. I n t r a -
c e l l u l a r treatment of Ac"*" in the w , t , , recA, lexA and uvrA 
s t r a i n s resul ted in the varying degree of £ mutation (Table 2 ) , 
The recA and lexA mutations in the host apparently abolished 
the mutational capacity of the complexes towards the HIS t r e a t -
ment. However, the A£ - uvrA coniplexes exhibited a s igni f icant 
level of HIS induced mutagenesis. The w , t . and uvrA hosts 
apparently provide the same degree of mutagenic p o t e n t i a l for 
the sa id marker in the B.col i complexes following the HIS 
t rea tment . 
- 70 -
Prophage induction: Table 3 shows the induction of prophage 
as a r e su l t of HIS treatment to lysogen during the post t r e a t -
ment l iqu id holding in the nu t r i en t b ro th . A fract ion of the 
lysogenic population exhibited induction of l y t i c cycle during 
the l iquid holding a t 32°C. In the presence of chloramphenicol^ 
however, the prophage induction was not observed. 
Discussion 
Lethal effects of high and low ionic s trength of the 
growth medium are well documented (McCarthy, 1962; Costilow, 
1981; Roth et a l . , 1985a). However, a l i t t l e effor t seems to 
have been devoted for the in vivo DNA damage. We have selected 
lambda/S.coli system as a model to inves t iga te the HIS induced 
les ions in IMJA. The plaque foiming a b i l i t y of the complexes 
was used as an index for HIS induced damage and i t s r epa i r . 
Under the ex t r ace l lu l a r treatment condi t ions, both at high and 
low ionic s t rength, the survival of lambda was unaffected. In 
case of foot and mouth disease virus (FMDV), a remarkable decline 
in the infec t ive p o t e n t i a l has been reported (Fellows, 1954). 
However, i t seems l ike ly t h a t ijnder the non physiological ionic 
s t r a i g t h condit ions, lambda pro te ins as well as i t s EWA are not 
damaged to a large extent . Since the t r ea t ed phage DHA was 
allowed to infect on i t s hos t , i t i s also possible t h a t micro-
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les ions in DNA, i f any, might have been repaired inside the 
normal h o s t . On the o ther hand, i n t r a c e l l u l a r treatment to 
phage DNA with non physiological ionic s trength resul ted in 
the loss of plaque forming \jnits (PFU) indicat ing thereby, a 
major damage in the metabolic machinery of host bacterium 
which in tu rn , affected the vegetat ive mul t ip l ica t ion of the 
phage (F igs . 1-5). 
Regarding the involvement of DNA repa i r genes, defects 
in the recA, polA, r e r , uvrA, recB and lexA loc i render the 
b a c t e r i a l c e l l s more sens i t ive to the exposure to non physiolo-
g i c a l ionic s trength environment. 
The close examination of the survival pa t t e rns under 
the d i f fe ren t ionic s t rength treatment conditions revealed 
t h a t 1M MgSO, + 5% NaCl treatment condition was equally damag-
ing as 10 '^M MgSO, + 5% NaCl and the r e s t of the two conditions 
which were less damaging seem to have quant i t a t ive ly s imi la r 
contr ibut ion on the injury to E.col i c e l l s . This finding i s 
cons is tent with the treatment of bac te r ia alone (chapter I I I ) . 
But there were three d i s t i n c t differences in case of A- £.coli 
complexes: ( l ) All the complexes were more r e s i s t a n t towards 
the HIS treatment as compared to the corresponding b a c t e r i a l 
s t r a i n s t r ea ted alone, (2) The uvrA gene seems to have profound 
effect on the recovery of PFU in the case of t r ea ted A-£ .co l i 
complexes contrary to the b a c t e r i a l systems, and (3) The con-
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t r i b u t i o n of lexA gene in the case of complexes was l ess 
s ign i f i can t as observed with the bac te r ia alone. 
The low injury found in t h i s system could be explained 
on the basis of different number of affected t a rge t s in the 
two sys tans . The A- E .co l i complex system i s a d i rec t index 
of the damages induced in WA only,whereas the treatment to 
bac t e r i a involves a mul t i t a rge t system owing to the l e s s 
defined parameter such as v i a b i l i t y . Similar resu l t s were 
also obtained with mild heat and a l k a l i treatments (Ahmad and 
Sr ivas tava , 1980; Musarrat, 1987). The anomalous behaviour 
of uvrA in the two systems was also danonstrated e a r l i e r 
(Ahmad and Srivastava, 1980), Figs . 1-4 also di rected us towards 
the addi t ive effect of recA and uvrA genes in our system. 
Moreover, the A red and Abiol mutants were also more 
sens i t i ve as compared to the wild-type s t r a i n suggesting the 
ro le of red and gam genes in the repa i r of the lesions induced 
by non physiological ionic s trength (Figs . 5 a , b , c , d ) . The Abiol 
mutant was invariably more sens i t ive to a l l the treatment condi-
t ions indicat ing thereby, the act ive role of gam gene in t h i s 
type of r epa i r process . The involvement of red and gam genes in 
the r epa i r of radia t ion induced damage i s a well es tabl ished fact 
(Sr ivastava, 1973; Trgovcevic and Rupp, 1975). Ahmad et al .(1978) 
and Ahmad and Srivastava (1980) have also reported the involvemoit 
of recA, lexA and polA genes of E .col i and red gene of lambda in 
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the repa i r of heat induced l e s ions . The contriDution of recA 
and red genes was almost iden t ica l regardless of the treatment 
condi t ions . The red gene of lambda and recA gene of E.col i 
seen to be exerting complementary effect on the ionic strength 
induced l e s ions . Complementarity of the two g^nes has also 
been reported for the r ad ia t ion , heat and pH repai r processes 
(Sr ivastava, 1973; Ahmad and Srivastava, 1980; Kusarrat, 1987). 
In view of the involvement of recA and lexA genes, we suggest 
the induction of 'SOS' response a t l ea s t during the HIS t r e a t -
ment. The idea also gains an appreciable support oy the induc-
t ion of prophage in the lysogen and induction of £ mutation as a 
r e su l t of HIS treatment (Tables 1-3). The induction of prophage 
also required de novo pro te in b iosynthes i s . The role of rer 
gene for the i n i t i a t i o n of 'SOS' response was also suggested by 
Srivastava (1978). Prophage induction by UV and X-ray i s well 
es tab l i shed and i s considered to be one among the many 'SOS' 
responses (Lwoff e t ^ . , 1950; Witkin, 1976). This i s also used 
as a simple parameter for t e s t i ng the po t en t i a l l y mutagenic agents 
(Moreau at a l . , 1976). When the HIS t rea ted bacter ia were allowed 
to infec t by the untreated phage, the frequency of _c ;i:utation was 
found to be enhanced to an appreciable ex ten t . The enhancement 
was much more pronounced with t rea ted phage. This finding c lear ly 
suggested tha t the diminished proof reading ac t iv i ty of DNA poly-
merase(s) was the major cause of mutagenesis. Vil lani et a l . 
(1978) also suggested tha t treatment of DNA damaging agents induced ^ 
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an i nh ib i t o r which i n h i b i t s or reduces the proof reading, 3' —• 5' 
exonucleolytic a c t i v i t y of cons t i tu t ive DNA polymerase. Recently, 
Lu et a^. (1986) have provided evidence tha t recA protein binds to 
£subunit of DNA polymerase I I I and thus reduces the proof reading 
a c t i v i t y of the enzyme. 
As compared to £ . c o l i , l iquid holding recovery of PFU of 
lambda was not observed when HIS t r ea t ed Ac - host complexes were 
held in the recovery medium for 1 h a t 3Y C, The lack of recovery 
may be due to the i n a b i l i t y of infected bacter ia to recover in the 
recovery medium since the r epa i r of DNA and the mul t ip l ica t ion of 
lambda depend upon the s t a t e of hos t . In the case of i n t r a c e l l u l a r 
trea-bnent, where the host has also been injured, the recovery 
involving de^ novo synthesis probably did not take place due to the 
infect ion of phage. I t i s well known tha t DNA, RNA and protein 
syntheses of host are ' inh ib i ted following infection with lambda 
(Cohen and Chang, 1970), 
In view of the present work, i t seems beyond doubt that 
a f t e r the external ionic s t rength exceeds to tne to leraole li:.-iit, 
the i n t e r n a l ionic s t rength i s also affected resul t ing in the 
damage to the metabolic machinery of the bac te r i a l c e l l s . More-
over, the chromosomal as well as o ther E*iA molecules also get 
injured to an appreciable ex ten t . To cope with the hazardous 
effects of non physiological ionic s t rength of the environment. 
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the c e l l p ro tec ts i t s e l f u t i l i z i n g i t s cons t i tu t ive as well as 
inducible repa i r machinery. In t e r e s t i ng ly , the well documented 
'SOS' response seems to play an ac t ive role to deal with t h i s 
offensive non physiological s t r e s s . Schuldiner et a l , (1986) 
and Musarrat (1987) independently reached to the same conclu-
sion in the case of non physiological pH, 
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Table 1, HIS induced mutagenesis in phage }{C^ 
Time o f Mijtat.ion frpnupnr.v n p r 10"^ 
incubation 
utation frequency per 10-^  PFU 
(h) Ext race l lu la r ly Treatment Weigle 
t r ea t ed phage to bac te r i a mutage-
alone nes is 
2.0 2.1 1.8 
2.9 6.0 9.1 
5 Table 2. Frequency of mutation per 10 PFU with 
i n t r a c e l l u l a r l y t rea ted A£ 
s t r a i n s SpontaneoxiS mutation Induced mutation 
frequency frequency 
w . t . 1.7 8.5 
recA 1.1 0.8 
lexA 1.1 1.0 
uvrA 1.7 9.0 
Table 3. Induction of prophage on HIS treatment 
Time of 
incubation 
in nutrient 
broth 
(h) 
Fold i nduc t ion of prophage (PFU) 
Un t r ea t ed Af t e r 3 h HIS In presence of 
con t iDl t r e a t m e n t chloramphenicol 
0 
1 
2 
3 
1.0 
1.0 
1.0 
1.3 
1.0 
3.0 
5.0 
8.3 
1,0 
1.0 
1.0 
1.0 
CHAPTER V: BIOCHEMISTRY OF HIS INDUCED LESIONS 
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Introduction 
Hypertonic shock to bac te r i a l c e l l s adversely affected 
the growth (Costilow, 1981) which was a t t r i b u t e d to the i n h i -
b i t ion in ac t ive t ranspor t of carbohydrates (Roth et a l , , 1985a). 
Roth et _al. (1985b) demonstrated tha t membrane components of 
t r anspor t system of £ . co l i los t t h e i r normal function as a 
r e su l t of hypertonic t reatment . I t has also been reported in 
case of Baci l lus s u b t i l i s tha t DNA and o the r compounds are 
released under the high s a l t treatment condit ions ( l i j ima and 
Ikeda, 1969). Accumulation of carbohydrates during the growth 
of g . c o l i was also fo\jnd at low water a c t i v i t y (Roller and 
Anagnostopoulos, 1982), Under the hypotonic condi t ions , the ce l l s 
suffered a loss of ribosomes probably due to t h e i r increased 
d i s in tegra t ion in a low magnesium medixjm (McCarthy, 1962), 
The involvement of radia t ion r epa i r genes has long beai 
suggested in normal metabolism e.g. genetic recombination 
(Howard-Flanders and Theriot , 1966). Subsequent work also 
provided the basis for t h e i r ro le in the a l l ev ia t ion of the 
damages caused by non physiological environniental conditions 
(Bridges e t a^,, 1969; Ahmad et a l , , 1978; Bennett e t a l , , 1986). 
We have also observed the recovery of HIS shocked £ , c o l i ce l l s 
in the growth supporting medium which could not occur in the 
rad ia t ion and heat sens i t ive recA mutant (chapter I I I ) , 
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In v i t ro s tudies conduct ad for the DNA exposed to high 
ionic strength revealed a decrease in the sedimentation ra te 
as well as in the number of supertwists in c i r cu la r lambda DNA 
(Bode, 1968; Studier , 1969). Destabi l iza t ion of DNA double he l ix 
(Baba and Kagamoto, 1974) and B —• Z conformational t r ans i t i on 
(Cavail les et a l , , 198A) as a r e su l t of prolong exposure to 
ce r ta in high s a l t treatments have also been reported. 
In view of the l i t e r a t u r e mentioned above i t appeared 
worthwhile to carry out the s tud ies on the DNA and RNA metabo-
lism as well as the possible permeabil i ty changes in E .co l i 
under our experimental condi t ions . We have described in t h i s 
chapter our r e s u l t s on the EWA and RNA syntheses and degrada-
t ion during recovery as well as leakage of these molecules 
during the treatment both in the w.t . and recA s t r a i n s . An 
attempt was also made to e luc idate the nature of HIS induced 
les ions in DNA. Therefore, ce r t a in immunological, biochemical 
and genetic techniques were also employed for the _in v i t ro 
s t u d i e s . 
Materials and hethods 
Composition of s c i n t i l l a t i o n f lu id ; 
PPO 4 gm 
POPOP 10 mg 
Toluene 1 l i t r e 
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Specif icat ion of radioact ive chemicals; 
H- ur id ine (spec i f ic a c t i v i t y 14000 mCi/mh) 
C-thymine (speci f ic a c t i v i t y 53.5 mCi/mK) 
%-benzo-a-pyrene (speci f ic a c t i v i t y 5300 oiCi/mM) 
Labelling of the c e l l s : The wild-type (AB1157) and HIS 
sens i t i ve recA mutant (AB2A63) of E .col i K-12 were used for 
t h i s purpose. The s t r a i n s were grown exponentially in presence 
of 0.4 pCi/ml of ''^C-thymine and 4.0 pCi/ml of ^H-uridine, The 
label led ce l l s were then held for 2 h in fresh medium without 
any of the above precursors in order to chase the l a b e l . The 
cu l tu re so obtained was employed for s tudies on DNA and BHk 
degradation as well as for leakage experiments. 
DNA and RNA syntheses during recovery; The recovery medium 
( 
3 
14 (chapter I I ) containing 0.4 pCi/ml C-thymine and 4.0 pCi/ml 
H-uridine was used for Dtik and fS^ A syntheses respect ively . 
Pr ior to incubation in the recovary medium, the laDelleJ expo-
nen t i a l cul ture of wild-type and recA s t r a i n was exposed to 
HIS treatment for 4 h. Aliquots (1.0 ml) were taken out at 
various time in t e rva l s during post treatment incubation in the 
recovery medium and the c a l l s were sedimented by centr ifugation 
a t 3,000 rpm for 5 min. The p e l l e t was thoroughly washed with 
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cold recovery medixjm and then i t was fixed with 5% TCA for 
30 min in cold. The suspension containing the label led ce l l s 
was then t ransferred to the f i l t e r discs and wanu dried com-
p l e t e l y with the help of a high watt bulb. The dried discs 
were taken into the v i a l s containing 10 ml of s c i n t i l l a t i o n 
f lu id . The rad ioac t iv i ty was determined on LKB 1215 l iquid 
s c i n t i l l a t i o n counter. The untreated controls were also run 
simultaneously. 
DNA and RNA degradation during recovery: The wild-type and 
recA s t r a i n s of g . co l i were labe l led as described e a r l i e r . 
Culture of the label led s t r a in s was t r ea ted with high ionic 
s t rength for 4 h. The t r ea t ed c e l l s were then suspended in the 
recovery medium devoid of radioact ive precursors followed by 
incubation a t 37 C. Aliquots were withdrawn at different time 
i n t e rva l s during l iqu id holding in the recovery medium. The 
samples were fixed by cold TCA and processed for radioact ive 
counts as described e a r l i e r . The untreated controls were also 
run under the iden t i ca l ccndi t ions . 
DNA and RNA leakage during HIS treatment; The label led 
^S>^^'i>l and recA s t r a in s were also used for leakage s tud ies . 
Exponential cu l tu res of these s t r a in s were given a HIS shock 
fo r 6 h . At 0 ,2 ,4 and 6 h of incubation, 1.0 ml c e l l suspen-
sion was withdrawn from the treatment medium and centrifuged. 
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0.5 ml of the supernatants was careful ly taken out, poured on 
the f i l t e r discs and dr ied completely as described e a r l i e r . 
The radioact ive counts present in the supernatant v/ere de te r -
mined on the l iquid s c i n t i l l a t i o n counter. 
Permeability of c e l l s to %-benzo--a-pyrene (bap); Inward 
peniieabili ty s tudies were ca r r i ed out using the wild-type, 
AB1157 s t r a i n . The exponentially grown c e l l s were centrifuged, 
washed and incubated in the HIS treatment buffer for a maximum 
period of 6 h . After incubation of the c e l l suspension at 37 C 
for 0 ,2 ,4 and 6 h, 1.0 ml samples were withdrawn and exposed 
to -^H-bap for 10 min. The c e l l suspensions were then c e n t r i -
fuged and the p e l l e t was washed twice with 0.01K I^ 'ig-^ O^  solution 
containing 0.05 mM unlabel led bap in order to avoid the leakage 
of l a b e l from the c e l l s . 
The t r ea t ed c e l l s were also held in the recovery medium 
for 2 h . After various time i n t e rva l s the c e l l s (1,0 ml) were 
exposed to H-bap for 10 rain during tha l iquid holding in tne 
recovery medium followed by t h e i r thorough wasning to reuiOve tha 
excess amount of the l abe l . 
I t i s kno-wn t h a t incubation of bac te r ia with £DTA enhances 
the premeabil i ty (Leive, 1965). Therefore, for comparison with 
HIS treatment the bac te r ia were also held for 2 min in d i s t i l l e d 
water containing 2x10 h EDTA. The react ion was terminated by 
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0.01M MgSO .^ JiDTA t r ea t ed c e l l s were also s imilar ly exposed 
to H-bap and were processed for ^ counts as described above. 
Transformation of E.col i c e l l s with pBR322 and pUC8 plasmid DNA: 
Preparation of competent c e l l s . An overnight cul ture of HB101 
was centrifuged a t A°C at 5,000 rpm for 10 min. The supernatant 
was discarded and the b a c t e r i a l p e l l e t was resuspended in equal 
volume of normal and treatment buffersseparate ly . The tubes 
were incubated a t 37°C for 6 h . The c e l l s were again centrifuged 
a t 5,000 rpm for 10 min and the bac t e r i a l p e l l e t was resuspended 
in 10 ml of ice cold O.IM MgSO^  and kept in cold for 10 min. The 
c e l l s were again centrifuged in cold and the p e l l e t was f ina l ly 
suspended in 10 ml ice cold O.IK CaClp and incubated a t 0°C for 
6 h. The ce l l suspension was then condensed to 1 ml. 
Transformation. For transformation, 0,2 ml of the competent 
c e l l s were taken in two s t e r i l e microfuge tubes and 2-3 y.g of 
untreated and HIS t r ea t ed p3R322/pUC8 K^ A was added to each and 
incubated at 0 C for 30 min. The ce l l s were givan a hjat snock 
a t 42*^ 0 for 5 min and then again kept a t 0°C for 20 rain. The 
c e l l s suspension was then mixed with 1 ml of Luria broth and 
incubated a t 37°C for 1 h . I t was then su i tab ly di luted and 
p la ted on nu t r i en t agar p l a t e s supplemented with e i the r 50 yig ml"^ 
ampici l l in or 50 pg ml"^ ampic i l l in plus 10 }xg ml"'' t e t r acyc l i ne . 
The a n t i b i o t i c r e s i s t a n t colonies were scored a f t e r 0/N incuba-
t ion a t 37°C. 
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Immunological s tudies of Hid t rea ted calf thymus IMki 
Preparation of antigen (Ag). Methylated bovine serum albumin 
was added to the dialysed and t rea ted calf thymus IMA to p r e -
pare a complex. The appearance of t u rb id i ty was considered 
as an index of the formation of complex. The antigen was taken 
into a small beaker and equal volume of Freund's adjuvant was 
mixed with gent le shaking. The antigen was thoroughly mixed 
with the adjuvant by pushing the content in and out of the 
syr inges . This DNA Ag was used for the immunization of the 
rabb i t • 
Immvtnization of r abb i t . Preimmune serum was i so la ted from the 
blood taken d i r ec t ly from the hear t of the animal. After a week, 
2 ml of Ag (300 yg) was injected intramuscularly into the rabbi t 
for t h ree consecutive weeks followed by a booster dose of 500 pg 
DNA Ag, Blood was taken from animal 's hear t a f t e r 2nd, 3rd and 
booster doses of immunization. 
I so l a t i on of serijn/antiserum. The blood was kept at 4°C for 
3 h and then centrifuged at 2,000 rpm for 10 min. Supernatant 
(serum/antiserum) was careful ly col lec ted in a clean tube and 
stored in deep freezer in presence of 1% sodium azide. 
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Cross r e a c t i v i t y of HAbs. The c ro s s r e a c t i v i t y of a n t i o o d i e s 
r a i s e d a g a i n s t t he HIS t r e a t e d DNA was detennined witn ssDNA, 
ZDNA and a l k a l i t r e a t e d (pH 10) DNA employing t h e enzyme l inked 
immunosorbent assay (liXISA). The method of Vo l l e r at a l , (1976) 
was e s s e n t i a l l y fo l lowed. 
Hydroxy a p a t i t e chromatography (HA). HA chromatography was p e r -
formed as desc r ibed by B e m a r d i (1971) us ing bed volume of 2.3 cc 
(column dimensions 3x1 cm). HA chromatography of l in t rea ted and 
t r e a t e d DNA was c a r r i e d ou t as fo l lows . 1 mg of DNA suspended in 
0 .5 ml of TNS was t r e a t e d with 1M MgSO^ + 3% NaCl f o r 6 h a t 37°C 
in t h e p re sence of 10% formamide. Af ter 6 h of i n c u b a t i o n , t h e 
s a l t was removed by d i a l y s i n g t h e sample. Samples con ta in ing 
1 mg of DNA were loaded on t h e column and t h e e l u t i o n was made 
with a s t epwise g r a d i e n t of phosphate b u f f e r (pH 7 . 0 ) . 3.0 ml 
f r a c t i o n s were c o l l e c t e d a t t h e r a t e of 10 m l / h . DNA e lu t ed in 
v a r i o u s f r a c t i o n s was d e t e m i n e d s p e c t r o p h o t o m e t r i c a l l y a t 260 nm, 
BND-cellulose chromatography. A s l u r r y of BND-cellulose was 
prapared in 0.3^1 NrlT buf fe r and t n e f i ne s were re;,-ovvid oy decan-
t a t i o n . The r e s i n was r egene ra t ed fol lowing t h e s tandard p r o -
cedure which c o n s t i t u t e s t h e s t epwise washing with wa te r (50 ml 
p e r 6 gm of r e s i n ) , 0.3M NiiT b u f f e r , 50% formamide in 1M N£T 
b u f f e r and f i n a l l y wi th 0.3M HiS!, The washed r e s i n susp<aided in 
0.3M NiiT was poured in to t h e column of 1 cm diameter con ta in ing 
g l a s s wool a t t h e bottom so as to achieve a column length of 
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4 cm. The column was e q u i l i b r a t e d overn igh t with 0.3^i Ni£T 
b u f f e r and 1 mg of n a t i v e and t r e a t e d ca l f thymus Uik was 
s e p a r a t e l y loaded . Stepwise e l u t i o n of DNA with the following 
b u f f e r s i n t h e given o r d e r was c a r r i e d out i . e . 0.3M N£T, 
1M NET, 1M NET + 50% fonnamide. Seven f r a c t i o n s of 0,3M NET 
b u f f e r and t en f r a c t i o n s each of 1M NET and 1h NET + 50% fonna-
mide were c o l l e c t e d a t t he r a t e of 10-12 ml /h . 
P r e p a r a t i o n of pBR522 DNA; E . c o l i HB101 c e l l s harbouring 
pBR322 plasmid were ha rves t ed from 500 ml of ampl i f ied c u l t u r e 
and t h e p e l l e t was suspended i n 10 ml of 10% sucrose in 50 mM 
T r i s HCl, pH 8 . 0 . The c e l l suspension was then t r e a t e d with 
2 ml of f r e sh lysozyme s o l u t i o n (10 mg/ml in 0.25M Tr i s HCl, 
pH 8 .0 ) p l u s 8 ml of 0.25^i EDTA. The mixture was p laced on i c e 
f o r 10 min .4 ml of 10% SDS was then gen t ly mixed with a g l a s s 
rod . F i n a l l y , 5M sodivmi c h l o r i d e was immediately added so as t o 
reach i t s f i n a l concen t r a t i on to 1M. The suspension was c e n t r i -
fuged a t 30,000 rpm f o r 30 min t o remove the p a r t i c u l a t e m a t t e r . 
The supe rna tan t was then t r e a t e d with Rl^ase (20 pg/ml) for 2 h 
a t 3 r C. The suspension was then e x t r a c t e d twice with phenol 
chloroform mixture (1 :1 ) and once with chlorofonn. After each 
e x t r a c t i o n t h e aqueous phase was t r a n s f e r r e d to a c lean t u b e . The 
e x t r a c t was supplanented with two volumes of e thano l and kept 
a t 20 C f o r 24 h . The WA was then recovered by spinning a t 
15,000 rpm f o r 20 min a t 4°C. The p e l l e t was washed with 70% 
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ethanol a t room temperature and dried in a dess i ca to r . The 
pur i f ied DNA was f ina l ly dissolved in 2 ml TE (10 mM Tris HCl, 
pH 8.0; O.ImM £DTA) . 
h in i prepara t ion of plasm id DNA; For mini preparat ion of 
plasmid DNA, a s l i g h t l y modified procedure for the rapid a lka -
l ine ext rac t ion method of Bimboim and Doly (1980) was followed. 
Plasmid harbouring HB101 ce l l s were grown 0/N at 37 C in n u t r i -
ent broth in the presence of ampici l l in (100 pg ml ) . 3 ml of 
c e l l s were harvested by centr i fugat ion in eppendorf tubes for 
30 sec . The b a c t e r i a l p e l l e t was suspended and incubated for 
30 min a t 0 C in 68 p i of lys i s solut ion consist ing of 2 ml 
50% glucose. 0.2 ml 0.5M £DTA, 0.25 ml 1M Tris HCl, pH 8.0 , 
20 mg lysozyme and 7.55 ml water. Thereafter, 136 p i a lka l ine 
SDS (0 .4 ml 25% SDS, 2 ml IN NaOH and 7.6 ml water) was added 
and the suspension was incubated for 5 min at 0 C. After cen-
t r i f u g a t i o n , the volume of supernatant was measured and hal f 
volume of high s a l t solut ion was added. Centrifugation Tor 
15 min was performed in cold and the plasmia DNA in the super-
natant was p r ec ip i t a t ed by adding one volume of ethanol ana 
incubating a t -70°C for 2 h . The DNA was col lected by c e n t r i -
fugation, washed twice with ethanol and dissolved in 50 p i T£ 
buffer . 
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R e s t r i c t i o n a n a l y s i s of HIS t r e a t e d DNA; The r e s t r i c t i o n 
b u f f e r of EcoRI r e s t r i c t i o n endonuclease con ta ined 100 mM NaCl, 
50 mM T r i s HCl (pH 7 . 5 ) , 10 mh MgCl^ and 1 mM Z-mercaptoethanol . 
The 5X r e s t r i c t i o n buf fe r f o r H i n d i con ta ined 300 mM NaCl, 50 mM 
T r i s HCl (pH 7 . 5 ) , 50 aiM MgClp and 5 mM d i t h i o t h r e i t o l . 
R e s c r i c t i o n a i g e s t i o n .vas c a r r i e d out oy th-e a a a i t i o n of 
10 u n i t s of r e s t r i c t i o n enzymis i n a t o t a l r e a c t i o n mixture of 
20 p i c o n t a i n i n g 1 pg of lambda DNA, Af t e r i ncuba t ion a t 37°C 
f o r 2 h , t he r e a c t i o n was t e rmina t ed by immersing the tubes in 
wa te r ba th main ta ined a t 70 C. Af te r 15 min, t ubes were taken 
ou t of t h e ba th and kep t a t room tempera tu re f o r 5 min and 0,0296 
bromophenol b lue was added. 
The DNA was t r e a t e d wi th 1M MgiO^ + 5% NaCl f o r 6 h and 
formamide (8%) was added to s t a b i l i z e any s t r u c t u r a l change 3 h 
p r i o r to t h e completion of tha t r e a t m e n t . Cont ro l was a l so run 
under t h e i d e n t i c a l c o n d i t i o n s . 
Agarose gel e l e c t r o p h o r e s i s . The A d i g e s t s (20 p i a longwith 
g lyce ro l dye mixture (50% g l y c e r o l , 0.25% bromophenol blue) were 
app l i ed on the s l o t s . V e r t i c a l s l a b ge l e l e c t r o p h o r e s i s was 
c a r r i e d out us ing 0.8% aga rose . The s l a b ge l was p r e e l e c t r o p h o -
resed a t 50mA f o r 30 min and the nonnal run was performed a t 10 mA 
in e l e c t r o p h o r e s i s b u f f e r (89 mM T r i s , 2 .5 mM J£DTA and 89 mM bor i c 
ac id ) f o r 7-9 h . The DNA bands were s t a i n e d with ethidium bromide 
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and fluorescent p ro f i l e was photographed by UV i l luminat ion 
through fotodyne UV 300 t rans i l luminator . 
Results 
DNA synthesis during recovery; EWA synthesis was inves t iga -
ted in the wild-type and recA s t r a in s and the uptake of C-
thymine was followed (Fig. l ) . The untreated w. t . c e l l s exhi-
b i ted an enhanced l eve l of C-thymine uptake during the 2 h 
post treatment incubation in the recovery medium. In the t r ea t ed 
w . t , s t r a i n , the incorporation of radioprecursor was s ign i f i can t ly 
inh ib i ted as compared to the untreated con t ro l . The t r ea t ed recA 
mutant, on the o ther hand, incorporated an ins ign i f ican t amount 
of IXdA precursor . This weak incorporation of the l abe l i s con-
s i s t e n t with the poor colony fonning a b i l i t y of t h i s mutant. 
However^ the untreated recA mutant incorporated the labe l to an 
appreciable extent but considerably less than tha t of untreated 
w. t . s t r a i n . 
DNA degradation during recovery; F ig . 2 shows the degradation 
pa t t e rn of ENA in t r ea t ed and \jntreated wild-type as well as recA 
s t r a i n s . For convenience, the i n i t i a l counts were normalised to 
100%. Both the untreated s t r a i n s did not exhibi t a high degree of 
DNA degradation, though recA mutant seems to have degraded the IH^A 
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to an appreciable extent. Treated cells in contrast, degraded 
their DNA to a remarkable degree. RecA mutant again exhioited 
more DNA degradation as compared with w.t. strain. 
DNA leakage during HIS treatment; The leakage of EM A was 
investigated both in w.t. as well as in the H16 sensitive recA 
mutant. The results are shown in Fig. 3. The untreated cells 
of both strains did not release the labelled DNA to a significant 
extent during the HIS treatment for 6 h. However, the HIS exposed 
cells released an appreciable amoiont of label. RecA mutant 
released approximately 5% of its total coxjnt while the w.t. exhi-
bited a lower degree of leakage i.e. 3% of its total DNA count. 
3 
RNA synthesis during recovery: The incorporation of H-
uridine was measured for this purpose. The results are shown in 
Fig, 4. Both the w.t. and recA strains exhibited an increasing 
degree of uridine incorporation upto 2 h of incubation in the 
recovery medium. However, HIS treatment drastically inhibited 
the RNA synthesis in these strains as compared to their untreated 
counterparts, horeover, the incorporation was I'o-und to oe inhibi-
ted to a zero level in case of recA mutant. 
BHA degradation during recovery; Fig. 5 shows the degradation 
pattern of RNA, Both the w.t. and recA strains did not degrade 
their RNA to an appreciable extent under the nonnal physiological 
conditions. HIS treatment, however, seems to have induced a con-
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s iderable amount of RNA degradation in both the recA mutant and 
wild-type c e l l s . Jyioreover, the recA mutant exhibited a s i g n i f i -
cantly higher level of degradation as compared to isogenic wild-
type s t r a i n . 
MA leakage during HIS treatment; Fig. 6 shows the pa t te rn of 
RNA leakage in £. co l i . Both the wild-type s t r a i n and recA mutant 
did not e ^ i b i t a s ign i f ican t amount of RNA leakage under the 
untreated condi t ion. However, as a resu l t of HIS treatment, the 
w . t . and recA s t r a in s released about 4% and 3% of the t o t a l 
label led mater ia l respec t ive ly . 
Permeability of c e l l s to -^H-benzo-a-pyrene (bap); The inward 
permeabil i ty to an ine r t mate r ia l , bap i s shown in F igs . 7 ,8 . 
During HIS t reatment , AB1157 c e l l s incorporated H-bap showing 
an increasing t r a i d as the treatment prolonged upto 4 h (Fig. 7 ) . 
Furthermore, these c e l l s also incorporated %-bap during post 
treatment incubation in recovery medium (F ig .8 ) . However, the 
leve l of bap incorporation in the HIS t rea ted £ .co l i was aiucn 
lower than tha t for ilDPA t rea ted ce l l s (data not shown;. 
Transformation; Table 1 incorporates the data of transforma-
t i on of E.col i by HIS t rea ted DNA. The transformation frequency 
of 6 h t r ea t ed c e l l s with lantreated pBR322 as well as with pUC8 
DNA ranained \inaltered to a la rge extent as compared to the un-
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treated c o n t r o l . However, the t r a n s f o r m a b i l i t y of u n t r e a t e d 
c e l l s by t he HIS t rea ted pBR322 or pUC8 DNA was found to be 
reduced to a remarkable ex tent . 
Cross r e a c t i v i t y of HAbs; The da ta on the immunological 
s tud ies have been given in Taole 2 . The a n t i b o d i e s (HAbs) r a i s e d 
against the HIS treated ca l f thymus I»]A were used fo r the deter-
mination of cross r e a c t i v i t y with ZH^A, ssDNA and pH 10 treated 
EWA. HAbs exhibi ted a s u f f i c i e n t l y strong cross r e a c t i v i t y with 
ZiasiA. These ant ibodies a lso showed a s i g n i f i c a n t l e v e l of cross 
react ion with ssIX^A and pH 10 treated DNA. However, the degree 
of cross r e a c t i v i t y with these ENA spec i e s was much l e s s than that 
with the ZDNA. 
Hydroxvapatite and BND-cellulose chromatography of HIS treated DNA; 
There was no s i g n i f i c a n t d i f ference in the e lut ion p r o f i l e s of the 
HIS t rea ted and untreated c a l f thymus WA (data not shown). 
Res tr i c t i on a n a l y s i s ; Treated DNA e x h i b i t e d a l t e r e d d ige s t i on 
p a t t e r n wirh iCoRI and H i n d i as compared to t n e i r r e spec t i ve 
contro l . An extra band was not iced with EcoRI d iges t of HIS t r e a -
ted DNA between the f i r s t and second band (Fig . 9),whereas several 
bands were obtained with H i n d i (data not shown). The length of 
the extra band with EcoRI d iges t ion was calculated out to be 
9 .3 k i l o b a s e . 
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Discussion 
Adverse effects in the growth of microorganisms under 
the high s a l t medium are well documented (Costilow, 1981). The 
leakage of EWA and o ther compounds in Bacil lus s u b t i l i s ( l i j ima 
and Ikeda, 1969), d r a s t i c permeabili ty changes in £ .co l i 
(Alphen and Lugtenberg, 1977), the a l t e r e d t ranscr ip t ion of 
various DNA regions (Blanc et a l . , 1981) as well as the s a l t 
induced xrx v i t r o B —• Z confonnational t r a n s i t i o n in WA 
(Cavail les e t a l , , 1984; Taboury and Ta i l l and ie r , 1984) have 
been reported by severa l woricers. 
HIS treatment in E . co l i under our experimental conditions 
caused a s ign i f i can t inh ib i t ion of DNA syn thes i s . The degree of 
inh ib i t ion was more pronounced in the recA mutant than the w. t , 
s t r a i n . Even a f t e r 1 h of l iqu id holding, there was an i n s i g n i -
14 f icant C-thymine incorporat ion in the recA mutant. Since the 
w. t . and o the r b a c t e r i a l s t r a i n s recover s igni f icant ly during 
l iquid holding in recovery medium but recA did not (chapter 111), 
the r e su l t s of EN A synthesis suggest tha t inhibi t ion of DNA syn-
t h e s i s may be an important effect of high ionic s t rength, and 
recA may be required for the resumption of DtiA synthesis in t r e a -
ted b a c t e r i a . Inh ib i t ion of recovery in the t rea ted bac te r ia in 
the presence of n a l i d i x i c acid also supports t h i s idea (chapter-
I l l ) . The effect of HIS treatment on DNA synthesis on t r ea ted 
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bacter ia and s t a t e of synthesis in recovering bacter ia have not 
been shown in e a r l i e r s tud ies . 
An increased level of DNA degradation during the 
recovery as well as an appreciable amount of the leakage of ENA 
precursors during the HIS treatment serve as an appropriate 
index for the WA damage in the hypertonical ly shocked £ . c o l i 
c e l l s . The untreated w . t . c e l l s and the apparently recovery 
def ic ient recA mutant did not exhibi t a s igni f icant level of 
DNA degradation and leakage (Figs . 2,3) which c lear ly suggests 
the involvement of IXsiA repa i r and metabolism for t h i s type of 
injury in the c e l l s . Our a lka l ine unwinding assay with the DNAs 
i so la ted from t rea ted and untreated bac ter ia also demonstrated 
the presence of s ign i f ican t amount of s ingle strand breaks as a 
resu l t of HIS treatment (chapter I I I ) . These breaks were repaired 
upon incubation of bac te r i a in the recovery medium for 60 min a t 
Since we could not observe an appreciable amount of s ingle 
strand breaks under the in v i t r o condit ion, tha breaks presumably 
r e su l t from tha act ion of c e l l u l a r nucleases . 
Like DNA synthes i s , synthesis of RI^A wa3 found to be 
inh ib i t ed in the HIS t r ea t ed £ . c o l i c e l l s . Tha treatment renders 
the bacterium incapable of synthesis ing i t s P^A, though i t s 
increased leakage during the treatment logica l ly d i r ec t s us for a 
r e l a t i v e l y higher uptake of RNA precursors for the recovery. The 
inh ib i t ion in the RNA synthesis as a r e su l t of HIS exposure 
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suggests an important role of RNA synthesis too, for the recovery 
of t r ea ted bacterium. In the previous chapter we have shown tha t 
r ifampicin, an i n h i b i t o r of d^ novo RNA synthesis , completely 
abolished the recovery process . Role of RNA metabolism in the 
hypertonical ly shocked ce l l s has also been reported e a r l i e r 
(Blanc et a l . , 1981). 
HIS treatment also increases the permeability of c e l l s 
data 
which i s evident from our outward permeabil i ty^for i n t r a c e l l u l a r 
precursors of maciX)molecuj.es as well as the increased inward 
permeabil i ty for the i n e r t substance, benzo-a-pyrene. Our s tudies 
on the transformation of untreated E.col i with HIS t r e a t e d BHA 
though suggest the s ign i f ican t a l t e r a t i o n in the DNA, the c e l l s 
however, on treatment regained to a large extent , t h e i r normal 
t ransformabi l i ty (Table 1 ) . This finding as well as the r e su l t s 
with the invar iab le leakage of molecules during the treatment as 
well as during the recovery process d i r ec t s us to bel ieve tha t 
s t r u c t u r a l deformities in the membrane components of the t ranspor t 
system probably do not play an rnportant rc.le in ovar a l l in-,ury 
of the c e l l s aiid t h e i r subsequent rc;cov^r> in zna l i j u i a ineaiuif.. 
Ea r l i e r s tud ies ca r r ied out with the high s a l t treatment conditions 
however, indicated the loss of colony forming a b i l i t y with a s i g -
n i f i can t re lease of UV absorbing maxerial (Sato _et £ 1 . , 1972; 
Roth et a l . , 1985a,b). These workers a t t r ibu ted t h i s effect to be 
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the major cause of l e t h a l i t y . Our conclusion i s at variance 
with the above pos tu la t ion obviously because of our addi t ional 
s tudies with the recovering c e l l s . 
The lesions in I^A were not observed by the usual 
biochemical techniques l ike hydroxyapatite and BND-cellulose 
chromatography as well as the ENA a l k a l i unwinding assay under 
in v i t ro conditions probably owing to t h e i r r e l a t ive ly lower 
s e n s i t i v i t i e s to locate the minor a l t e r a t i o n s in the DNA double 
h e l i x . But the DNA alkal ine unwinding assay strongly suggested 
the formation of s ingle strand breaks xmder the in vivo condi-
t i o n s . These r e su l t s directed us towards the formation of 
ce r t a in kinds of HIS induced les ions pres\jmably amenable to the 
c e l l u l a r nucleases . Moreover, a high s e n s i t i v i t y of polA 
mutant (chapter I I I ) as compared to the wild-type s t r a in fur ther 
supported the idea of the d i s to r t ions in DNA induced by HIS 
treatment obviously reparable by c e l l u l a r EWA polymerases. We 
have^therefore, anployed cer ta in highly sens i t ive immunological, 
biochemical and genetic techniques to find out any a inor s t r u c -
t u r a l a l t e rna t ion in the DNA molecule. 
I t i s a well known fact tha t even a minor a l t e r a t i on in 
the epitopes of antigen s igni f ican t ly af fec ts the binding capacity 
of the ant ibodies ra ised against the same ant igen. This i s also 
tinie with r e s t r i c t i o n enzymes which are very sens i t ive molecular 
sea lp les to p rec i se ly cut the double stranded IMA owing to the 
p rec i se recognition for t h e i r cleavage s i t e s . 
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Our immunological s tudies undoubtedly indicated a 
s t r u c t u r a l a l t e r a t i o n in the UiA molecule apparently resembling 
the zig zag type of Z confonnation as a resu l t of in v i t r o HIS 
treatment to the calf thymus WA, Moreover, an appreciable 
amount of s ingle strandedness seems to have been produced follow-
ing the HIS exposure. 
Res t r ic t ion analysis of t rea ted and untreated lambda 
IX^JA also suggested quite d i f ferent s t r u c t u r a l s t a t e s of the 
subs t r a t e ENA a f t e r the treatment as i s evident from the d i f f e -
rence in the digest ion pa t t e rn of t r ea ted and untreated DNA 
molecule. In t e res t ing ly enough a fragment of 9.3 kilobase 
with EcoRI digest ion also po in t s out tha t a t l eas t one r e s i s -
t a n t cleavage s i t e occurred in the t rea ted I^A. On comparison 
with the nucleot ide sequence of lambda genome, t h i s s i t e had a 
pecu l i a r fea ture of having high quantity of GC bases in the 
close v i c i n i t y (44940 and 44990th nucleotides) of r e s i s t a n t 
EcoRI cleavage s i t e . H i n d i endonuclease,or. the o ther hand, 
exhibi ted p a r t i a l digest ion pa t te rn with the t rea ted DNA. This 
could be due to the formation of nun.erous lesions throughout 
the lambda genome since H i n d i nuclease i s kno^m to have several 
cleavage s i t e s in the IWA. Random d i s t r ibu t ion of the lesions 
throughout the length especia l ly in the GC rich regions should 
render ce r t a in cleavage s i t e s r e s i s t an t to the enzyme ac t ion . 
This could have been probable reason for the p a r t i a l digest ion 
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with H i n d i , Surpris ingly the a l t e r a t i o n , apparently resembl-
ing to ZrX^ A was sufficieij t enough to reduce the transformation 
frequency of E .co l i (Table 1) . Reduction in the frequency of 
transformation i s well doc\;imented in several types of damaged 
DNA l ike s ingle stranded DNA, in te rca la ted WA, heated and soni -
cated DNA (Chakrabarty et a l . , 1975; Yuqin et a l . , 1983; Lee and 
Lini, 1984). 
A remarkably higher DNA and RNA degradation in the HIS 
t rea ted recA mutant during the l iquid holding recovery seems to 
have profound effect on the colony forming a o i l i t y . This mutant 
under the normal physiological conditions also exhibited an 
appreciable amount of DNA degradation which c lear ly suggests the 
role of recA gene in the normal DNA metabolism e .g . genetic 
recombination (Howard-Flanders and Theriot , 1966). The role of 
t h i s gene under the non physiological condi t ions, to cope with 
the hazardous environmental condi t ions , seems to be even more 
j u s t i f i e d . This idea gains fur ther support due to the act ive 
role played by recA in the r epa i r of heat , pK and raaiaxion 
induced lesionu (Witkin, 1976; Ahmad et a l . , 1978; walker, 1985; 
Musarrat, 1987). 
Fig, 1 DNA synthesis in wild-type and recA 
s t r a i n s during incubation in the 
recovery medium a t 37 C 
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Figv 2 DNA degradation during incubation 
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Fig, 3 Leakage of DNA precursors during 
HIS treatment a t 37°C 
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Fig . A RNA synthesis in the wild-type and 
recA s t r a in s during l iquid holding 
in the recovery medium a t 37 C 
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Fig, 5 RNA degradation during incubation 
in the recovery medium a t 37 C 
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Fig. 6 Leakage of RNA during HIS treatment 
at 37° C 
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Fig, 7 Inward permeability of H-benzo-a-
pyrene during HIS treatment to 
AB1157 (w.t.) 
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Fig, 8 Inward permeabili ty of H-benzo-a-
pyrene during incubation of HIS 
t r ea ted wild-type fi.coli c e l l s in 
the recoveiry medium a t 37 C 
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F i g . 9 E l e c t r o p h o r e t i c p a t t e r n of EcoRI d i g e s t e d DNA 
Lane 1 Un t rea t ed DNA d i g e s t e d with EcoRI 
Lane 2 HIS t r e a t e d DNA d i g e s t e d with EcoRI 
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CHAPTER VI : GENERAL DISCUSSION 
- 97 -
Bridges et al, (1969) suggested the role of radiat ion 
r epa i r system in the daiuages in f l i c t ed by environmental f luc -
t u a t i o n s . They had also demonstrated a d i r e c t co r re la t ion 
between the repair processes operating upon the rad ia t ion and 
heat induced damages. Ahmad _et a_l. (1978) and Ahmad and 
Sr ivastava (1980) fur ther supported the idea of Bridges _et a l . 
(1969) and provided evidence tha t major genes involved in the 
ionizing radia t ion r epa i r also play an ac t ive role in the 
recovery to mild heat in jury . This led us to i n i t i a t e s tudies 
on the two other physiological parameters, pH and ionic 
s t r eng th . Present inves t iga t ion provides a s c i e n t i f i c approach 
towards answering the open question regarding the existence of 
so ca l led radia t ion repa i r system in view of the non hazardous 
doses of radia t ions reaching to the present biosphere. Our 
contention regarding the se lec t ion pressure exert ing upon the 
evolving biological system against the el imination of the 
"radia t ion repa i r machinery" was the continuously pe r s i s t i ng 
non physiologiccil f luctuatioiis in the envirorjajnt. An atieiupt 
was made to put to t e s t our hypothesis a t preliminary level 
employing simple organisms, E .co l i and bacteriophage lambda. 
Various low and high ionic s t rength treatment conditions 
were selected which resul ted in the survival ranging from 2-25% 
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in the wild-type S . co l i . Obviously i t should be regarded as 
the mild and suble thal injury to the t e s t organism, riven 
bacteriophage lambda, under these condi t ions, as free p a r t i -
c les retained t h e i r cent percent plaque fonning a b i l i t y . 
Assay of the colony forming a b i l i t y of bac ter ia follow-
ing exposure to non physiological ionic s t rength ( i . e . 1h NjgSO ,^ 
1M MgSO^ + 5% NaCl, 10"^M MgSO^  + 5% NaCl, I0"^l'i MgSO^  + 5% 
NaCl) revealed tha t recA, lexA, polA, re r and recB genes are 
involved in t h i s type of damage. However, the role of recF 
and uvrP genes could not be reconied to an appreciable extent . 
In the case of treatment to bac te r ia , uvrA did not seem to 
have a profo\jnd effect on the recovery to non physiological 
damages. However, t h i s gene probably exer ts a remarkable 
effect on the t r ea ted A-E. co l i complexes, Ahmad and coworkers 
also reported the same kind of phenomenon in mild thermal and 
pH in ju r i e s (Ahmad et a l . , 1978; Ahmad and Sr ivastava, 1980; 
Musarrat, 1987; Musarrat and Ahmad, 1987). The former loci 
have also been reportad to play an act iva role in uV ana ion iz-
ing radia t ion repa i r (Town et a l . , 1971, 1972; Sr ivastava, 
1976,1978; Walker e t a l . , 1985). The p le io t rop ic effect of 
recA and lexA genes i s well docxomented in i n i t i a t i n g the d ive r -
s i f i ed type of response in E .co l l (Witkin, 1976). We fur ther 
support the idea of complex functions of these genes in the 
su rv iva l , growth and metabolism (chap te rs I I I , IV) , These genes 
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are e s sen t i a l l y required for functional 'SOS' repair (Radman, 
1975; Witkin, 1976). The role of re r gene has also been 
implicated in i n i t i a t i n g the 'SOS' response. I t was suggested 
to regulate the coordination between rep l ica t ion and r epa i r , 
possibly by reducing the r a t e of repl ica t ion process (Sr ivastava, 
1976). A s igni f icant l eve l of mutagenesis as well as the p ro -
phage induction in the t r ea t ed c e l l s fur ther supports the idea 
regarding the i n i t i a t i o n of 'SOS' response in £.coli/lambda 
syston (chap te r s I I I , IV) . Ames t e s t i ng system also indicated 
the ro le of 'SOS' r epa i r owing to a s ign i f ican t degree of 
enhanced mutagenesis with the Salmonella TA104 s t r a i n . 
The contr ibut ion of recA and uvrA, howsoever l ess i t 
may be, was found to be addi t ive because the double mutant, 
AB2A80 was more sens i t i ve as compared to i t s corresponding 
s ingle mutants, uvrA and recA both in S .co l i and lambda - E .co l i 
complex systems. 
The S.col i c a l l s t r ea ted with ^h MgSO^ + 5% NaCl for 
4 h exhibited the recovery in the v i a o i l i t y on nut r ient agar 
p la tes when they were incubated for 1 h in the growth support-
ing l iqu id mediiom. This recovery was again dependent on recA, 
and to a l e s se r extent on lexA genes. The recA and lexA depen-
dent l iquid holding recovery in the growth supporting medium 
was also reported e a r l i e r in the case of ionizing rad ia t ion 
damage (Town et a l . . 1971,1972). I n t e r e s t i ng ly , the recovery 
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in the v i a b i l i t y was concomitant with the reduction in the 
p o t e n t i a l l y mutagenic lesions as well as the attainment of the 
normal UV res is tance (chapter I I I ) . The enhanced survival of 
the t r ea ted c e l l s could have not been due to the aml t ip l i ca t ion 
of the c e l l s because t h i s type of recovery remained unaffected 
in the presence of chloramphenicol. However, t h i s recovery 
seans to involve the RNA and DNA syntheses as well as some 
a l t e r a t i o n s in the penneabil i ty behaviour. 
Contrary to the £ . co l i system, the l iquid holding 
recovery of PFU of lambda was not observed when HIS t r ea t ed 
lambda - fi.coli complexes were held in the recovery medium. The 
lack of recovery may be due to the i n a b i l i t y of infected bac-
t e r i a to switch on ce r t a in genes involved in the mul t ip l i ca t ion 
and survival of hos t . I t i s well known tha t DNA, RNA and p ro-
t e i n syntheses of the host are inhibi ted following infec t ion 
with lambda (Ctohen and Chanig, 1970), Ahmad and Srivastava (1980) 
and husar ra t (1987) also reported the recovery of t r ea ted bac-
t e r i a in tha l iquid medivuri but not of lambda phage i n t r a c e l l u -
l a r l y t r ea ted with mild heat exi^ a l k a l i , respect ive ly . 
In cont ras t with the rad ia t ion , the non physiological 
ionic s t rength involves mul t i t a rge t damage including DNA, RNA and 
c e l l membrane which i s evident from the r e s u l t of radioact ive 
t r a c e r techniques and metabolic i r J i ib i tor s t ud i e s . 
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Damage to DNA probably involves disrupt ion of H-oonds 
between stacked base pairs resu l t ing in the local opaiing at 
lower doses and ul t imately leading to the massive d i s t o r t i o n 
of DNA strands resanbling to the ZDNA especial ly a t higher 
doses . GC rich regions are probably the l ike ly candidates 
for the HIS induced l e t h a l and mutagenic s i t e s . These les ions 
are attacked by c e l l u l a r nucleases resu l t ing in the strand 
breakage as i s obvious by the enhanced leakage of DNA precursor 
as well as a high degree of s ingle strand breaks in the DNA of 
t r ea t ed E.col i c e l l s (chapter I I I ) . The formation of s ingle 
strand breaks in the DNA of t r ea t ed c e l l s may also be supported 
by the high s e n s i t i v i t y of polA" mutant. The recovery to DNA 
damage was found to occur even during the post treatment l iquid 
holding in view of the complete inh ib i t ion of the recovery in 
the presence of na l id ix ic ac id . 
RNA synthesis i s suscept ible to the HIS treatment and 
i s probably due to the at tack of RNases which become inact ivated 
at higher doses of the t reatment . Moreover, zhe aisin^cgx-olion 
of ribosomes following the HIS treatment also can not be ruled 
out . Liquid holding recovery requires de novo FiNA biosynthesis . 
The s u s c e p t i b i l i t y of recA s t r a i n towards the HIS treatment can 
not only be a t t r i bu t ed to the enhanced DNA degradation during 
treatment and post treatment l iquid holding, i t also seems to 
involve a high degree of RNA leakage and degradation. This m i ^ t 
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be due to the pleiotroplc effect of recA gene (Witkin, 1976; 
Walker, 1984). 
In view of the present and past findings, we would like 
to present a model for HIS induced lesions and their repair in 
g.coli (Fig. 1). 
Short periods of moderately high ionic strength treatment 
(low doses) cause transient local openings of DNA at various 
points which constitute the primary lesions. GC rich sites are 
the more likely candidates for these bubbles formation. In vivo, 
these specific regions are recognised and attacked by DNase(s) 
resulting in the nicked DNA (chapter. III). As the HIS treatment 
prolongs, the local openings are widened and the DNA takes the 
fonn resembling to the Z type. Simultaneous attack of the 
COrrendonucleases resulting in the break and/or gap formation, 
as well as the widening of localized lesions probably consti-
tutes the two types of secondary lesions. At this stage of injury 
to cell, the primary ana seconaary lesions in DNA initiate the 
SOS response. These lesiono in DKA are presunably removea auring 
liquid holding in the recovery medium as evident from our data 
on UV resistance and mutagenesis (chapter III, Fig. 6, Table 3). 
When the treated cells are held in the recovery medium certain 
lesions in DNA are probably repaired by the constitutive repair 
machinery and the residual lethal lesions perhaps require the 
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induction of SOS r epa i r . In tens i ty of SOS response in l iquid 
held c e l l s should obviously be r e l a t i ve ly low in view of the 
reduced mutation frequency. Enhanced recA binding on ZONA has 
recent ly been demonstrated under in v i t ro conditions (Blaho and 
Wells, 1987) which might be corre la ted with the i n i t i a t i o n of 
SOS response. 
The recovery of HIS t rea ted c e l l s in the l iquid medium 
i s a type of p a r t i a l r evers ib le and enzymatic ac t iva t ion of DNA 
as well as r eac t iva t ion of metabolic and repa i r machinery of 
t r e a t e d c e l l s involving the de novo RNA and DNA biosyntheses. 
The nucle ic acid metabolism and repa i r along with the recovery 
to injured c e l l envelope during the post treatment l iquid hold-
ing some how exert a favourable effect on the v i a b i l i t y and 
growth of HIS s t ressed c e l l s on the nu t r i en t agar p l a t e s . The 
loca l openings induced in lambda DNA, i f any, by ex t r ace l lu l a r 
treatment are renatured due to physiological conditions p r e v a i l -
ing during in fec t ion . However, i f lambda DNA was t rea ted i n t r a -
c e l l u l a r l y in the hos t , nucleas9(s) would probboly induce the 
s ingle strand breaks followed oy fomat ion of gaps which would 
in tu rn require the a c t i v i t y of repair enzymes. I t i s evident 
from our iri v i t r o s tud ies t ha t s ingle strand breaks are not 
formed as a d i r e c t consequence of HIS treatment but they could 
appear as a r e s u l t of nuclease act ion (chapter I I I ) . Nicked DNA 
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wi l l be subjected to fas t rejoining by DNA polymerase I and 
l igase (Town et a l . , 1971,1972; Srivastava, 1974; Pauling and 
Beck, 1975), while the remaining breaks/gaps require recA. 
lexA. r e r . and recB genes. For the repa i r of lambda DNA, gene 
products of recA, uvrA, r e r and lex of £ . c o l i as well as red 
and gam genes of lambda are required. The lambda in the pro-
phage s t a t e also gets detached from the host chromosome and 
i n i t i a t e s the vegeta t ive mul t ip l ica t ion cycle in the t r ea ted 
c e l l s . I n t e r e s t i n g l y , the untreated lambda on infection with 
the t r ea t ed host exhibited an enhanced mutagenesis which i s 
evident from the increasing number of £ mutations. This could 
be explained only on the basis of the reduced f i de l i t y of host 
r ep l i ca t i on machinery. Recently Lu et a l . (1985) have demons-
t r a t e d the binding of recA pro te in with the £ subxmit of DNA 
polymerase I I I and t h i s binding was held responsible for the 
i n h i b i t i o n of proof reading a c t i v i t y of the enzyme. This 
phenomenon was also observed in the g . co l i c e l l s exposed to 
non physiological pH (l^-iUsarrat, 1987). Prophage induction, 
W-mutagenesis as well as iiinarjced .iiutigenesis witn tjie untrea-
ted phage in t r ea ted host fur ther leads us to bel ieve towards 
the induction of SOS response in the HIS t rea ted bac te r ia . 
In addi t ion to damage in DNA, non physiological ionic 
s t rength a lso s ign i f i can t ly caused the injury to the RNA and 
c e l l envelope as wel l as the inh ib i t ion of metabolic machinery. 
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Niinor les ions in these t a rge t s induced a t low doses are auto-
mat ica l ly repaired without the involvement of the recovery 
medium. However, high doses o£ treatment d r a s t i c a l l y damage 
the c e l l u l a r components and the repai r should obviously require 
more sound physiological condit ions which are provided by the 
l iquid holding in the recovery medium. Liquid holding of t r e a t -
ed c e l l s thus probably eliminates the damages induced in these 
t a r g e t s and also r e s u l t s in the reac t iva t ion of metabolic 
machinery, especial ly the RNase(s) and DNase(s) are instrumen-
t a l in the ranoval of les ions in the nucleic ac ids . Alterat ion 
in the permeabil i ty behaviour also contr ibutes towards the 
attainment of normal i n t r a c e l l u l a r environment of the t rea ted 
c e l l s . The HIS t r ea ted ce l l s did not recover in the same growth 
supporting medium i . e (nutr ient broth) which also suggests tha t 
the recovery medium probably prevents the sudden osmotic shock 
exert ing upon the c e l l s while t r ans fe r r ing into the enriched 
l iquid medium. 
Non physiological ionic strength treatment 
( ( 1M MgS0^ + 5J< NaCl) 
E.col i c e l l s 
2h 6h 
Low dose 
Local openings (bubbles fonaation) 
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recB 
t 
Recovery Recovery i Recovery 
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RNA/ribosomes , i n i t i a t i o n of 30S response 
Incubation in 
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of SOS 
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Reversible a c t i v a -
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•nucleic acid meta-
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of SOS repair) 
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other c e l l u l a r 
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p la tes 
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Pig . 1 Proposed scheme for the high ionic strength induced damage 
and repair in E .co l l 
SUMMARY 
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Encouraged by the preliminary report of Bridges _et a l . 
(1969) on the cor re la t ion between heat and radia t ion s e n s i t i -
v i t i e s which was l a t e r on supported by Ahmad et a^. (1978) 
and Ahmad and Srivastava (1980), we became in teres ted in the 
role of DNA repa i r system under non physiological ionic 
s t rength condi t ions . For t h i s purpose various rad ia t ion sen-
s i t i v e s t r a i n s of £ .00 l i and bacteriophage lambda were se lec ted . 
The effect of non physiological ionic s t rength was invest igated 
to find out the nature of induced les ions and t h e i r r epa i r . 
In view of the ins ign i f i can t damage observed under the low 
ionic s t rength condi t ions , most pa r t of the work was done 
employing the four d i f fe ren t kinds of treatment conditions of 
high ionic s trength ( i . e . 1M MgSO ,^ 10"^M MgSO^+ 5% NaCl, 
10"^ M MgSO^+5% NaCl, 1M MgSO^  + 5% NaCl). Extensive s tudies 
however, were carr ied out with the 1M MgSO, + 5% NaCl treatment 
conditions which has also been frequently wri t ten in the thes i s 
as the HIS treatment . HIS exposure to E.co 1 i and lambda was 
founa to exert a moaerate aauiaging effect on the v i a o i l i t y 01 
the t e s t organisms in comparison with o ther treatment conai-
t i o n s . These s tudies were d i r ec t ed , (1) to explore the poss i -
b le role of rad ia t ion r epa i r genes in s a l t damaged E .co l i and 
bacteriophage lambda, (2) to compare the s a l t induced damage 
and i t s repa i r with those of r ad i a t ion , heat and pH, and (3) 
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to envisage an appropriate mechanisni for the injury of c e l l s 
to hypertonic shock and i t s r epa i r . Some s ignif icant findings 
are summarised as under: 
gffect of non physiological ionic strength on bac te r ia 
1. A s igni f icant decl ine in the survival of radiat ion 
sens i t ive mutants, recA, polA, r e s , lex , re r and phr ( in order 
of decreasing s e n s i t i v i t y ) was observed as compared to t h e i r 
isogenic wild-type s t r a i n s . 
2. The HIS shocked c e l l s were found to be recovered s i g n i f i -
cant ly in the l iqu id medium consis t ing of casein hydrolysate , 
glucose and magnesivim a c e t a t e . The recovery was not affected 
by chloramphenicol. However, such a recovery did not occur in 
the presence of rifampicin and na l i d ix i c ac id . The recA mutant 
did not recover a t a l l on l iquid holding in the recovery medi\im. 
Moreover, the lexA mutant also exhibited the diminished level 
of recovery prx)cess contrary to the w . t . and uvrA s t r a i n s . 
3 . The HIS stressed c e l l s exhibited the enhanced UV s e n s i t i -
v i ty as compared to the untreated con t ro l . The t rea ted c e l l s 
regained normal UV res is tance a f t e r 1 h l iquid holding in the 
recovery medium with or without chloramphenicol. Nal idixic 
acid in the recovery mediiom, however, in te r fered in a t t a in ing 
the normal UV res i s tance of HIS t r ea t ed c e l l s . 
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4. Bacteria exposed to HIo treatment exhibited an elevated 
level of mutagenesis. However, the mutation frequency of 
treated cells decreased to an appreciable extent following 
incubation in recovery medium for 1 h. The mutants, recA and 
lexA did not exhibit any increase in the mutation frequency. 
5. Ames strains were also used to study the salt induced 
mutagenesis. TA97a and TA10A strains have shown the highest 
number of revertants per plate. While TA97a is the frame 
shift mutant possessing a GC rich susceptible site, on the 
other hand TA104 is an indicator of SOS mutagenesis. 
6. Alkaline unwinding assay of the DNA isolated from the HIS 
treated bacteria exhibited a significant level of single strand 
break formation. 
Effect of non physiological ionic strength on phage lambda 
1. Extracellular treatinent to phage lambda as free particles 
had no effect on plaque forming units (PFU). 
2. Intracellular treatment to phage lambda at low ionic 
strength (10"^M Mg"^"*" and distilled water alone) also did not 
result in any significant damage. 
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3. The decline in the PFU following high ionic strength 
treatments was observed in lambda complexes with uvrArecA, 
polA, recA, rer, uvrA and lexA strains as compared to those 
with wild-type strain. 
4. Abiol and Ared mutants invariably exhibited appreciable 
sensitivity towards all the high ionic strength treatments. 
The Pired-w.t. complexes were as sensitive as A£ - recA with all the 
high ionic strength treatments. However, the intracellular 
treatment to Abio1 strain exhibited the most severe damaging 
effect on the plaque forming ability.. 
5. HIS treatment was found to be mutagenic to intracellular-
ly treated lambda phage. Treatment to Ac"*"- recA and >|c - lexA 
complexes, however, did not show any induction of £ mutation. 
A remarkably high mutation frequency was observed when treated 
phage particles were allowed to adsorb on HIS treated w.t. 
bacteria. 
of ;XcI857 
6. A fract ion of lysogenic populat ion/exhibited the induction 
of l y t i c cycle during l iquid holding in nu t r i en t broth a t 32°C 
even after the 3 h HIS treatment to lysogen at 32°C. The 
presence of chloramphenicol, however, completely inhibited the 
process of induction. 
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Radioisotopic and in v i t ro s tudies 
1. An extra band was noticed with ilcoRI and several addi-
t i o n a l bands were obtained with H i n d i , on digest ion of HIS 
t rea ted DNA with these endonucleases. The extra fragment 
obtained with EcoRI was found to be 9.3 kilobase long ana the 
r e s i s t a n t cleavage s i t e was thus supposed to be within the R 
gene of lambda genome. Instrestingly t h i s s i t e was found to 
be flanked with GC r ich regions . 
2 . Transformation frequency was found to be s ign i f ican t ly 
low with the HIS t r ea t ed DNA compared to the xontreated cont ro l . 
Moreover, E .co l i on HIS treatment also exhibited a reduced 
leve l of transformation frequency. However, the degree of r e -
duction was much pronounced with HIS t r ea t ed DNA than the 
t r ea ted c e l l s , 
3 . The ant ibodies ra ised agains t the HIS t rea ted calf thymus 
DNA exhibited a strong cross r e a c t i v i t y with ZDNA loilowea oy 
the ssDNA and the a l k a l i t r ea t ed DNA, 
4 . E .co l i c e l l s exhibited the DNA and RNA leakage during HIS 
treatment for 6 h a t 37°C. The t r ea ted c e l l s also showed a 
s ign i f i can t l eve l of DNA and fiNA degradation during post t rea t -
ment l iqu id holding in recovery medium. Treated ce l l s during 
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the recovery also incorporated the label led DNA and HNA 
precursors to an appreciable extent . However, the incorpo-
ra t ion was very low in the case of recA mutant. Contrary to 
the wild- type, degradation as well as the leakage of DNA and 
RNA was also found to be enhanced in t rea ted recA mutant. 
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